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The purpose of this dissertation is to explore how stereotype threat impacts women and
minorities within the College of Engineering. Within this study, I present a mixed-methods study
that begins with an exploratory qualitative study into an sequential explanatory study. The
purpose of the first study, Manuscript 1, was to identify common barriers present to women in
engineering that negatively impact their motivations within engineering. During the analysis of
this data, stereotype threat emerged as a common theme which lead to a literature review and
subsequent explanatory study. A quantitative study, using Picho and Brown’s Social Identities
and Attitudes Scale, was conducted to help pin point which groups on campus (i.e. women, men,
and racial groups plus their intersections) were most impacted by stereotype threat (Manuscript
2, Chapter IV). The instrument also divides stereotype threat amongst six different constructs
which allowed insight into specifically which types of stereotypes persist within engineering.
Using the data collected from the 137 participants, I was able to identify that women are the most
at risk for stereotype threat across 4 of the constructs in the instrument. Using the information
from the SIAS instrument, I developed a focus group protocol and conducted 4 different focus
groups with 8 different participants to gather data on what ways these negative stereotypes
persist and interfere with women’s motivations within engineering (Manuscript 3, Chapter V).

The implications of this research is then utilized to formulate proposed solutions to increase
diversity and inclusivity within engineering.
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INTRODUCTION AND PURPOSE
Introduction
The lack of women in engineering has been a concern since the 1990s, and while efforts
have been made to recruit and retain women in the field, the enrollment rate to today remains
around 20% (Yoder, 2017). Women did enroll at an increasing rate from the 1970s to the early
2000s, but around 2008 enrollment rates for women in engineering had a slight decrease
(Beddoes & Borrego, 2011). Researchers have stated that women lack neither the ability nor
aptitude to enter engineering, but at some point, within their formative years, women lose
interest in Science, Technology, Engineering, and Mathematics (STEM) fields.
When asked why it is important to recruit women into engineering, Su (2010) explained
the need for women through three concepts: it is practical, it is economical, and it is sociological.
In terms of practicality, diversity of thought has been theoretically linked to diversity and
inclusivity (Wulf, 1998). Thus, by increasing the number of women in engineering we can
increase innovation. The United States is also not currently matriculating enough engineering
students to match current demand (Bhattacharjee, 2006) which is why it is economical to spend
further efforts recruiting populations of students that have historically not entered engineering.
Finally, it is sociologically important to recruit women into engineering due to them being
historically barred entry to the field. Barring women from engineering created a “chilly climate”
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(Beddoes & Borrego, 2011) for women in engineering that has continued into today. For these
reasons, it is important that we make efforts to recruit women into engineering.
The lack of women in engineering has also been shown to not be tied to either aptitude
not attitude. In fact, the women who go into engineering usually have higher high school metrics
than males and achieve at higher rates (Holloway, Reed, Imbrie, & Reid, 2014), yet they enroll at
lower rates and have lowered self-efficacy from the beginning of their engineering careers.
Amelink and Creamer (2010) showed that women, when they do leave engineering, oftentimes
leave engineering due to a lack of satisfaction rather than ability. In efforts to better understand
the motivations and barriers to women in engineering, I conducted an exploratory qualitative
study helped inform a sequential explanatory mixed-methods study. My work fills current gaps
in stereotype threat literature by investigating how stereotypes are made salient within current
engineering programs as well as helping to explain how women are able to mitigate the impacts
of stereotype threat.
Purpose of Studies and Research Questions
The purpose of this dissertation is to provide insight into why fewer women enroll in
engineering utilizing stereotype threat as a foundation to the investigation. Overall, the
dissertation is constructed of a literature review and 3 different studies (labelled as manuscripts)
that begin as an exploratory qualitative research project and migrate into a sequential explanatory
mixed-methods design. A model of the research can be found in Figure 1.
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Figure 1

Model of dissertation studies and results
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In Chapter II, I present a literature review of stereotype threat and how it has been
utilized to investigate women and minorities in STEM by both Engineering Education and
Educational Psychology researcher. The literature review is followed by my first study,
Manuscript 1 (Chapter III), which is a qualitative study intended to explore how women in
engineering form their engineering identities and negotiate their identity through engineering, a
masculine space. During the analysis of the interview data, a common barrier to women in
engineering emerged: stereotype threat. To better understand how stereotype threat is present in
an undergraduate engineering program located in the rural south, I utilized a previously validated
instrument, called the Social Identities and Attitudes Scale (SIAS) (Picho & Brown, 2011) that I
modified for engineering. I distributed it to undergraduate engineering students in Manuscript 2
(Chapter IV). My analysis found that women are impacted by stereotype threat significantly
more than men across four different constructs measured by the instrument. In my final study,
the results of Manuscript 2 were utilized to form a focus group protocol, and the data collected
from the focus groups was used to better understand how stereotype threat still appears in
engineering as well as propose solutions for the future, which compromises Manuscript 3
(Chapter V). The different studies presented and their research questions and methodologies are
summarized within Table 1.
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Table 1
Research
Study

Research studies, questions, and methodologies
Chapte
r

Research Question(s)

Data
Collection
Method

Analysis Outcome
Method

Stereotype
threat: A
systematic
literature
review

II

How has stereotype threat been
used to measure the experiences of
women and minorities in
engineering and STEM fields?

Systematic
literature
review

Systemat
ic
literature
review

Identified how
stereotype threat
can be used to
measure a culture
as well as ways it
impacts
performance. Also
discovered SIAS
instrument

Negotiating
masculine
spaces

III

How do undergraduate women
experience and navigate
engineering, a gendered institution,
in the rural South in terms of
identity formation and negotiation?

Qualitative:
Semistructured
narrative
interview

MaxQD
A: A
priori
coding
with
multiple
researche
rs

Identified common
ways of forming
and negotiating
identities through
engineering. Also
identified
stereotype threat as
a common barrier

IV

1) Is the Social Attitudes and
Identities Scale psychometrically
sound when modified for
engineering students?
2) What populations are most
impacted by stereotype threat?
3) How does stereotype threat
impact students in terms of the six
constructs laid out within the Social
Identities and Attitudes Scale?

Quantitativ
e: LikertScaled
survey
instrument

SPSS
AMOS

Identified
populations most at
risk for stereotype
threat across the 6
constructs within
the SIAS
instrument

V

1) How are women exposed to
stigmas in engineering?
2) Why do women experience
significantly more negative affect
than men?
3) Why was ethnic stigma
consciousness significant for
women?
4) What are some ways that women
mitigate stereotype threat?

Qualitative:
Focus
groups with
a semistructured
protocol

VI

1) What are the broader impacts of
this research?
2) What are future
recommendations?

Manuscript 1

Measuring
the impact of
stereotype
threat on
undergraduat
e engineering
students
Manuscript 2

Understandin
g stereotype
threat for
women in
engineering
Manuscript 3

Conclusions
and future
recommendat
ions
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Confirma
tory
Factor
Analysis
MANOV
A
MaxQD
A: A
priori
coding
utilizing
stereotyp
e threat
as a
construct

Themes of what
stereotypes exist
and how they are
still present within
the college of
engineering.
Concluded with
proposals for future

Summarization of
all the research
presented

Each study presented within this dissertation is its own manuscript containing its own
research question(s), purpose, data collection, and analysis. This sequential research allowed me
to first explore how undergraduate women in the college of engineering operate within a
masculine institution and identify a common barrier (stereotype threat). Due to Mississippi State
University being one of the leaders in the south through its development of an engineering
education program, the problems present to women in this culture were not as easily found and
required an initial qualitative study. The sequential explanatory design then allowed further
insight into what stereotypes exist and how they act as barriers for diversity and inclusivity. The
research also becomes more intersectional, including both race and gender, as the studies
progress.
Location of Study
The entirety of this project was conducted at Mississippi State University. When I began
this investigation into women in engineering, the Bagley College of Engineering (BCoE) had a
below average female enrollment rate as compared to national averages, as shown in Figure 2.
Over the course of my research, however, enrollment rate changed and the BCoE surpassed the
national average female enrollment rate for undergraduate engineering students.
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Engineering Female Student Enrollment Comparisons
25%

20%
National Average Female
Engineering Enrollment
15%
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Figure 2

Female student enrollment in BCoE compared to national averages from 2005-2017

It should be noted that the first qualitative study was conducted in 2016, when the female
enrollment rate for BCoE initially began to match national averages while the sequential
explanatory studies occurred between Fall 2018 and Spring 2019 when the female enrollment
rate was above national enrollment averages. This means that there were potential changes
within the culture of engineering in the BCoE simply due to a shift in the population of
engineering students. However, the female enrollment rate is still only 22% which makes it still a
heavily male-dominated field.
BCoE boasts a higher than average African-American student enrollment but maintains a
lower than average racial minority student enrollment. Unlike women’s enrollment, the minority
student enrollment over the course of this research remained nearly the same. Figure 3 displays
the minority student enrollment rate and African-American enrollment rate for BCoE in
comparison to national averages.
7

Engineering Minority Student Enrollment Rate Comparisons
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Figure 3

Minority and African-American enrollment as compared to national averages from
2009-2017

The research presented in this dissertation incorporates intersectionality and accounts for
ethnic stigmas in Manuscripts 2 and 3. While the original purpose of the study was to investigate
women in engineering, as time went on, the need to utilize intersectionality became more
apparent, especially as the enrollment rate of women increased to above national averages while
the enrollment rate of minorities remained relatively stagnant. Therefore, as the studies progress,
the importance of the intersection of race and gender become more apparent.
Through these studies, I utilize stereotype threat as a means of investigation. Chapter II
presents a literature on stereotype threat and its previous uses in research. Stereotype threat is
defined as the fear of fulfilling a negative stereotype of a group that one belongs to. By using
stereotype threat as a construct, I am better able to understand why women and minorities enroll
in engineering at lower rates as well as the threats to their identity that they encounter while in
engineering. While stereotype threat has been mostly used as a way to explore how negative
8

stereotypes can impact the performance of women and minorities in STEM fields, it has also
been utilized to explore how cultural attitudes can negatively impact the motivations of students.
The literature review in Chapter II explores these previous uses of stereotype threat.
Definitions of Common Terms
For reference, I have compiled a list of terms utilized throughout this dissertation and
their definitions as shown in Table 2.
Table 2

Common terms and definitions
Term

Definition

Stereotype Threat

The fear of fulfilling a negative stereotype about a
group that one belongs to, can impact performance

Intersectionality

The interconnected nature of social categorizations
(i.e. race, gender, class, etc.)

A Priori (qualitative coding)

Meaning that the data was coded with specific
constructs and knowledge in mind, not open-ended
coding

Rural South

Indication of the study site. Due to the rural south’s
general conservative attitude, the culture of the area
impacts the results.

Sequential Explanatory Design

A mixed-methods design that begins with the
collection of quantitative data and is followed by a
qualitative study in order to explain the results of
the quantitative study (Tashakkori & Teddlie,
2003)

Exploratory Qualitative

A qualitative research design meant to explore a
problem by gathering qualitative data
9

Limitations
The data collected for these studies all came from one university, which allowed a deeper
perspective into existing stereotypes within the studied population, but caution must be taken
when attempting to apply the conclusions from the qualitative studies to a broader population
that may have a different culture. By its nature, qualitative work is not generalizable, but with
considerations for local contexts, it can be transferable (Strauss, 1990). Across all studies,
participation rates were fairly low despite recruitment and incentivisation efforts.
Broader Impacts
Through the studies presented, I develop a deeper understanding of why women are
enrolling in engineering at significantly lower rates than men, and I discuss the extra barriers that
minority women in engineering face. The research presented herein contributes to our
understanding of women’s motivations to pursue engineering degrees/careers by demonstrating
how stereotype threat impacts women’s motivations. By utilizing stereotype threat as a
framework for my investigation, I am better able to illustrate why women have lowered selfefficacy and the ways in which stereotypes threaten women’s identities within engineering. The
synthesis of my dissertation provides a model of how women first develop engineering identities
and the ways in which stereotype threat forces women to negotiate these formed identities which
can lower their motivations. I also provide insight into the different ways women mitigate
stereotype threat and provide recommendations for future work to promote diversity and
inclusivity in engineering.
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STEREOTYPE THREAT IN ENGINEERING EDUCATION
Diversity within engineering has been a growing concern over the past few decades. The
percentage of women matriculating in engineering in the United States has been slowly
decreasing since the early 2000s (Freeman & National Center for Education Statistics, 2004;
Grose, Thomas K., 2006; National Science Foundation, 2017). The need for women and
minorities in engineering, however, expands beyond the United States and has become an issue
of international concern (Keller & Dauenheimer, 2003; Villa & Gonzalez, 2011). Researchers
have attempted to investigate why there are fewer women entering the engineering field and
what might be impacting their retention rates through a variety of motivational theories.
Women lack neither aptitude nor ability to succeed in engineering, and in fact, women
within engineering have often been found to be out-performing their male peers (Amelink &
Creamer, 2010), yet women consistently report lower self-efficacy (Raelin et al., 2014) and lack
of engineering identity (Marra, Rodgers, Shen, & Bogue, 2009). One motivational theory that
may explain this phenomena is Stereotype Threat. Stereotype threat is the fear of fulfilling a
negative stereotype about a group that one belongs to (Steele & Aronson, 1995; Steele, 1997).
This phenomena can impact student cognitive performance as well as their motivation to
continue within fields. Through this critical literature review, we will explore stereotype threat
and its applications to women in engineering.
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Stereotype Threat
The impact of prejudice and stigmas had been previously noted and studied by
researchers, but its true impact was not investigated until Steel and Aronson in 1995 (Allport,
1979; Goffman, 1963; Steele, 1991). These early studies found that members of stigmatized
groups suffered under increased stress (Goffman, 1963) and could even have biological reactions
to situations that triggered stigmatization (Nelson, 2016).
The investigation and formulation of stereotype threat was driven by the discrepancy in
white and African American enrollment and retention in higher education. Steele had previously
noted that African-American children tested close to their white peers in aptitude and attitude in
elementary school but slowly fell behind (Steele, 1992). In response to this study, Steele and
Aronson formulated a multi-step experimental study that investigated how stereotypes could
impact performance and found that when stereotype threat is triggered, it can negatively impact
student performance (Steele & Aronson, 1995). They defined stereotype threat as “being at risk
of confirming, as self-characteristic, a negative stereotype about one’s group.” Further research
investigated the means by which stereotype threat impacts performance (Schmader, Johns, &
Forbes, 2008) and found that it can cause a stress overload (Brown & Pinel, 2003; Shapiro,
2011) and acts as a collective threat (Cohen & Garcia, 2005) that can induce a disruptive metal
load which impacts working memory (Beilock, Rydell, & McConnell, 2007; Croizet et al.,
2004).
The impact of stereotype threat was eventually expanded outside of its impact on
African-American students and utilized to examine other minority groups, such as women in
STEM. Researchers found that for easier STEM tasks and women with strong STEM identities,
stereotype threat had little to no impact, but for harder task, the mental load could cause them to
12

under-perform on tests (Schmader et al., 2008; Spencer et al, 1999; Steele & Aronson, 1995).
Fortunately, researchers also found that it is possible to reduce stereotype threat through mentors
(Good, Aronson, & Inzlicht, 2003), the introduction of a growth mindset (Good, Rattan, &
Dweck, 2012), and an increased sense of belonging (Keller & Dauenheimer, 2003).
The purpose of this literature is to critically analyze how researchers in Psychology and
Engineering Education have utilized stereotype threat to study undergraduate women in STEM,
and specifically engineering, fields. We conclude this review by identifying gaps in the literature
and proposing future studies in the field.
Methods
Literature collection was divided into two different searches. The first was through
popular Engineering Education journals and peer-reviewed conference papers. This was
followed by an investigation of journals focused around minorities in STEM. The second search
was conducted through several Psychology journals that focus on gender and society issues
within education. We selected these journals after a review of “stereotype threat” articles using
EBSCOhost and of stereotype threat in the Handbook of Motivation at School (Wentzel & Miele,
2016).
We began our Engineering Education literature search at the Journal of Engineering
Education (JEE) by searching for the word “stereotype” and delimiting to articles that contained
the words “stereotype” and “gender” within the text. Then, we searched through the ASEE PEER
Women in Engineering Division with the keyword “stereotype” and used the same selection
criteria. The third journal we searched was the Journal of Women and Minorities in Science and
Engineering where we only searched for the word “stereotype” as all articles dealt specifically
with women and minorities in STEM. Finally, we turned to ESCOhost to search through the
13

International Journal of Engineering Education using the keyword “stereotype.” All articles were
then delimited to research that dealt with undergraduate women in engineering fields. We
finished our search with 15 articles from EE journals that dealt specifically with women and
stereotypes in engineering and STEM fields.
We then searched the Handbook of Motivation at School (Wentzel & Miele, 2016) for
stereotype threat and found three journals that published articles relating to stereotype threat:
Social Psychology of Education, Sex Roles, and the Journal of Experimental Social Psychology.
We used the search terms “engineering stereotype” and identified articles that dealt with the
intersection of women and math or STEM fields. We selected articles that dealt solely with
undergraduate gender differences in STEM fields using stereotype threat as a construct and
delimited to 12 articles.
In order to better compare how researchers utilize stereotype threat, we decided to then
organize the articles by their research approaches: performance investigations,
cultural/intersectional investigations, and broad data investigations. Table 3 displays the three
different research approaches as well as the articles attached to each approach for both
Engineering Education and Educational Psychology.
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Table 3

Literature review organization

Performance Investigations
Bell (2004), Bell et al. (2003), Wolfe & Powell (2009),
Meadows & Sekaquaptewa (2013)
Educational Psychology
Kiefer & Shih (2006), Sekaquaptewa & Thompson (2003),
Vick et al. (2008)
Cultural/Intersectionality Investigations
Engineering Education
Samuelson et al (2016), Villa et all (2011), RosenbergKima et al (2010), Marsden (2016), Dececchi et al. (1996)
Educational Psychology
Smeding (2012)
Broad Data
Engineering Education
Fitzpatrick et al (2016), Marra et al. (2009), Kyoung Ro et
al. (2017), Woodcock (2012), Kilgore (2011), Paretti et al.
(2013)
Educational Psychology
Hartman & Hartman (2008), Beilock et al. (2007), Cundiff
& Vescio (2016), Jagacinski (2013), Brown & Pinel
(2003), Jones et al. (2013), Beasley (2012), Smith (2015)
Engineering Education

Review of Literature
Performance Investigations
Since its beginning, stereotype threat has often been investigated in terms of how it
impacts performance and self-efficacy when triggered. Performance studies are any study that
utilizes performance based measures to depict or predict success. Often, researchers use selfefficacy, GPA, and engineering identity to investigate how students perform and their expected
retention through engineering programs. These studies are usually used to justify stereotype
threat research studies in order to allow students to perform equivocally across gender, race, and
other intersectional fields. Fortunately, research into how and to what degree stereotype threat
impacts minority populations persists.
Two Engineering Education articles evaluated how stereotype threat could impact student
performance in the class room by inducting stereotype threat prior to a difficult engineering
exam and compared how men and women performed. Bell et al. (2004) scripted videoed
15

instructors to either be sexist or non-sexist in their presentation of a test, and the researchers
found that the sexist instructor actually boosted the men’s performance rather than negatively
impacted the women’s performance. This novel conclusion suggests that future studies may want
to not only study how stereotype threat negatively impacts minorities but also how it can boost
the performance of certain groups within situations because it may be possible to use stereotype
threat to increase student performance rather than attempt to only mitigate stereotype’s negative
impacts. The other study used the Fundamentals of Engineering Exam (FEE) to measure how
introducing the exam as either diagnostic (thus introducing stereotype threat), non-diagnostic
(which mitigated stereotype threat), or gender-fair (which highly mitigated stereotype threat)
could impact the performance of men and women (Bell, Spencer, Iserman, & Logel, 2003). This
study showed that stereotype threat could significantly impact women’s performance on harder
exams which followed the conclusions of other research (Bell et al., 2003; Schmader et al., 2008)
and recommended that practitioners evaluate their language prior to the presentation of an
engineering exam. These studies both had unequal groups of men and women, where the men
outnumbered women to a noticeable degree in some of the conditions and they relied solely on
quantitative measures rather than investigating with an exploratory method to see how women
either internalized or created barriers against stereotype threat. Unequal groups can create a bias
within the data, especially when testing minority group performance where being a minority can
induce even higher levels of stereotype threat (Brown & Pinel, 2003; Spencer, Steven J. et al.,
1999). These studies also recruited students through emails, sometimes calling for those with
more established engineering identities, and may have induced a bias through self-selecting
groups. These groups often had higher self-confidence, self-efficacy, and engineering identities.
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Future research may find it beneficial to see how stereotype threat could impact men and women
with weaker self-confidence in engineering.
Stereotypes also appeared in terms of how students value each other in the class and group
projects. Another performance-based study investigated how engineering students evaluate
gender-typical speech acts, and found that students greatly undervalue “feminine” speech
patterns and believe that feminine speech indicate a lowered ability to present technical work
(Wolfe & Powell, 2009). This view of gendered speech acts could also help explain why a more
recent study found undergraduate engineering teams tend to have female members present less
technical portions of group presentations and answer fewer technical questions (Meadows &
Sekaquaptewa, 2013). Both studies failed to account for intersectionality or explore best
practices to mitigating these current undergraduate student practices, but they do allow
researchers to understand how peers may be upholding gendered stereotypes and roles. The
salience of stereotypes is enough that they can often be enacted and impact the performance of
minority groups without true intention to do so.
Similar to Engineering Education, researchers in psychology often utilized experimental
methodology to induce stereotype threat and measure its direct impact on performance. With
these investigations, however, the researchers often utilized science and math challenges to the
students, but used psychology students rather than STEM students as their populations. Kiefer
(2006) and Sekaquaptewa & Thompson (2003) both utilized factorial experimental research
designs followed by surveys to measure how the participants reacted to the experiments. These
designs allowed them insight into the psychological impacts of stereotype threat after an induced
experience, but Vick et al. (2008) measured cardiac activity while inducing stereotype threat
during testing. By not specifically recruiting from women in STEM, the researchers could have
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introduced a bias because, as previous research displayed, strong identities within a field can
help mitigate the impact of stereotype threat (Spencer, Steven J. et al., 1999; Steele & Aronson,
1995). Women in non-STEM fields would most likely not have strong identities thus lower selfconfidence in the areas they were being tested which made them more susceptible to stereotype
threat and impacted the conclusions drawn (Goffman, 1963; Steele, 1997). These studies also
failed to address how stereotype threat may impact minority women differently, and the lack of
intersectionality, to a degree, removes stereotype threat from its original purpose in research.
Cultural Investigations
Stereotype threat can be induced not only across gender lines but also impact individuals
cross culturally. Many of these researchers investigated how their culture could be impacting the
women in engineering programs. Research has already demonstrated how stigmas exist along
both racial and gendered lines, meaning that people can be impacted by stereotype threat across
multiple levels of identity (i.e. gender, race, class, etc.) (Goffman, 1963; Heatherton et al., 2000;
Steele, 1992). By utilizing intersectionality in combination with stereotype threat, researchers are
better able to understand how different populations navigate threats to their identities.
Qualitative studies using interviews were often utilized by Engineering Education
researchers to investigate how stereotype threat appears within engineering programs. Samuelson
et al. (2016) investigated how African American and Latino/a students at a university in the
United States “may internalize negative stereotypes, experience isolation, and inadequate
program support,” which indicates an acknowledgement that negative external views induce a
threat upon students. Villa et al. (2011) used interviews along with cultural capital to investigate
how undergraduate women in Mexico navigate their heavily masculine engineering field and
found that the culture could often lead individuals to “question whether they belong to the field
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of engineering.” These articles both discussed how undergraduate students can use their culture
to form groups and mitigate stereotype threat. Both populations mentioned that familial support
is a strong motivator for engineering students of color persist in a field that can cause them to
disassociate their identities.
In terms of quantitative research, Rosenberg-Kima et al. (2010) investigated how having
a teacher that does or does not match a person’s gender/racial identity could impact their ability
to learn. The researchers acknowledged that negative stereotypes often impact how women view
themselves within engineering, but surprisingly did not utilize stereotype threat as a possible
construct. This study also found that race was a more salient agent than gender within their
system, which could indicate that, in certain cases, race can trigger stereotype threat to a greater
degree than gender and should be investigated in future studies. Studies such as this one
acknowledge that identities, such as racial and gender identities, are interconnected and can
impact students in engineering.
Stereotypes can also exist in terms of masculinity and femininity, which are personality
traits. Within a study of female cadets at the Royal Military College of Canada, the researchers
came to the conclusion that “negative social stereotypes for women in non-traditional roles also
pose a problem for these young women” (Dececchi, Timperon, & Dececchi, 1996). The research
concluded that there was systematic discrimination against female cadets in their engineering
academy and that this was impacting performance and retention rates. Due to Canada having
potentially different assumptions about gender and gender roles, we sorted this paper into the
cultural section it also covers specifically the culture of a military college’s view of women in
engineering. While Dececchi et al. investigated themes incredibly similar to stereotype threat,
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stereotype threat was not utilized as a construct, which may in part be due to the research being
conducted in the 1990s, when stereotype threat was founded.
Another way to evaluate the culture of engineering and its impact on stereotype threat is
through the comparison to other fields. A French researcher compared the gender-biases of
French female engineering students to female humanities students, male engineering students,
and male humanities students. This researcher found that female engineering students have fewer
gender-STEM stereotype beliefs that female humanities or male STEM students (Smeding,
2012). The examination of these articles in sequence allows a perspective into some of the ways
that stereotype threat can impact women in highly masculine fields. Both Dececchi and Smeding
found that the drop-out rate for women was significantly higher in the first 2 years of college,
meaning that the women who were more sensitive to gender stereotypes may have dropped out
leaving a retention of women with fewer stereotype beliefs, as shown in the Smeding article.
Previous research has already shown that the degree to which a person holds a stigma can dictate
how much stereotype threat can impact them (Brown & Pinel, 2003). Future researchers should
apply this theory more in depth through different cultural lenses.
Intersectionality allows researchers to investigate stereotypes on more than a binary scale,
and instead, individuals’ experiences as they relate to multiple layers of identities. While
researchers often focus on intersectionality in terms of gender and race, there are other areas of
marginalization. Marsden et al. (2016) investigated barriers to first generation, immigrant, and
female students to an industrial engineering program in southern Germany. Because this study
attempted to address stereotype threat amongst so many groups in one program, they advise for
future advisors to be prepared to motivate students based on individual needs. This study also
only had 24 female participants in comparison to 108 male participants which could have created
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a bias within the data (Marsden, Haag, Ebrecht, & Drescher, 2016). When studying minority
groups, researchers must take into consideration that individuals are made of a web of identities.
By adding intersectionality and acknowledging that race, gender, immigration status, and other
portions of a person’s identity can impact their ability to perform, researchers are better able to
understand stigmas and stereotype threat. These studies often utilize qualitative measures which
allow for participants to relate their own experiences. For stereotype threat, cultural studies allow
researchers to critique the society that creates deeply engendered systems while still investigating
best methods to allow students to remain motivated in spite of barriers to enrollment and
retention. Continual research in this field should lean into intersectionality more deeply in order
to discover best methods to recruit and retain a more diverse engineering population.
Broad Data Investigations
Broad data investigations were studies that collected large sets of data (n>100) meant to
evaluate institutions or instruments in correlation with stereotype threat or brief qualitative
studies that were used to inform larger quantitative studies. These studies were by far the most
common studies and often utilized other motivational constructs in relation to stereotype threat in
order to investigate the experiences of undergraduate women and minorities in engineering. They
were also mostly purely quantitative but some employed exploratory measures in order to better
understand the impact of stereotype threat.
We found that it was common for Engineering Education studies to use longitudinal methods
in order to investigate the potential impacts of stereotype threat over time. Fitzpatrick et al.
(2016) and Kyoung Ro (2017) both utilized previously collected longitudinal data to investigate
trends in engineering students and diversity. While Kyoung Ro briefly discussed stereotype
threat within their literature review, neither of these studies utilized it as a construct to further
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investigate its impacts on engineering student trends. Other longitudinal studies used surveys to
collect data and addressed stereotype and its impacts within their literature review but did not
analyze its potential impacts when investigating their self-efficacy (Marra et al., 2009;
Woodcock, 2012)). While this data set was intersectional and addressed how feelings of
inclusion and high self-efficacy can improve students’ identities in engineering, the researchers
still failed to utilize stereotype threat in their analysis, thus the lowered self-efficacy of minority
groups remained unexplained. These studies indicate that researchers within EE often touch on
or acknowledge how stereotype threat may be impacting their students, but in depth studies with
broad data have yet to fully utilize the construct.
Two Engineering Education articles used qualitative methods in conjunction with their broad
data structure. Both of these studies utilized stereotype threat as a means of investigation to a
greater degree than the longitudinal and attempted to address concerns associated with it within
their interviews. Kilgore et al. (2011) investigated the Academic Pathways Study to see if
stereotype threat might explain some of the findings their larger study, and they believed that
motivation between the genders could be mediated to a degree with experiences but that
stereotype threat creates atmospheres where women are less likely to seek out hands on
experiences. Meanwhile, Paretti et al. utilized interviews along with survey data to investigate
how women operate within engineering (Paretti, Marie C & Courtney S. Smith, 2013). These
researchers found a strong presence of stereotypes but did not find that it greatly impacted the
women in their study, and they briefly discussed how a similar study at the same university
found few differences between men and women in the engineering department. The large data
set of this paper, which is presented within a separate journal article published in an Educational
Psychology journal (Jones et al., 2013), investigated how 4 factors that are associated with
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stereotype threat (engineering identification, gender identification, gender stereotype
endorsement, and engineering ability perceptions) impact women’s achievement and persistence
in engineering. The researchers found that men endorsed gender stereotypes significantly more
than women and that women had significantly lower engineering ability perceptions which was
the highest predictor of engineering achievement. Surprisingly, there was no significant
difference in engineering identity between the genders, but engineering identity was the highest
predictor of achievement (Jones, Ruff, & Paretti, 2013). Future research may want to investigate
how these ideas change over an engineering undergraduate career as Jones et al. only
investigated freshmen. These large scale investigations allow for researchers to investigate
multiple motivational constructs and how they relate to women’s over coming of stereotype
threat within STEM fields, and the inclusion of the qualitative methods allowed for a more in
depth perspective into how women negotiate with stereotypes. Both Kilgore and Paretti found
little to no gender differences in their study, which may indicate that the stereotypes regarding
women in engineering are declining over time and that researchers in the future will have to
incorporate intersectionality to better understand diversity needs in engineering.
Psychological researchers also often used broad data to hypothesize how stereotype threat
impacts the motivations of women through STEM fields. Longitudinal data collected on
engineering graduate students found that exposure to professional engineering could impact
women’s self-confidence and increase their intent to persist (Hartman & Hartman, 2008). These
conclusions follow along with previous research on how to mitigate the impact of stereotype
threat through the increase of a person’s identity (Beilock et al., 2007). However, individuals
who more strongly endorse stereotypes can often use them to justify workplace disparities in
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STEM fields (Cundiff & Vescio, 2016), meaning that women who have the ability to be
successful in fields such as engineering may not attempt it due to internal stereotype beliefs.
In efforts to better understand how women in male-dominated fields compare to women in
other fields, researchers at one institution compared freshman engineering and psychology
students and found that women in engineering reported lowered levels of perceived ability and
lowered self-efficacy (Jagacinski, 2013). Even when compared to Biology, another STEM field
but with higher female enrollment and retention, women in physics (which is a field similar to
engineering) reported lower levels of science identity. This could all indicate that stereotype
threat negatively impacts women’s identities and thus their motivations to persist through maledominated fields despite being equally capable. Research has also previously shown that
minority individuals can feel more highly stigmatized when surrounded by individuals that do
not match their most highly salient identity at the time (Brown & Pinel, 2003; Heatherton et al.,
2000). This means that when women are in classrooms that are heavily dominated with men,
they may become more aware of their status as a woman and feel an identity threat. Future
studies that investigate women in engineering classrooms that are female dominated should be
done in order to measure the impact of being a majority group at the moment can mitigate
stereotype threat impacts.
Broad data collection allows researchers and practitioners to better understand how broadly
stereotype threat impacts women. They are also able to identify how stereotype threat decreases
motivation across multiple regions. However, because the data from these studies attempt to
draw large conclusions, there are subtle differences among populations that may be missed and
can explain some of the variation in conclusions. These studies are also often only quantitative
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unless the researchers take note and employ an explanatory methodological study to better
investigate their instruments.
Conclusions
The purpose of this literature review was to explore how Engineering Education and
Psychology researchers have utilized stereotype threat to investigate undergraduate women in
engineering. These studies allow researchers to better understand why the enrollment rate of
women in engineering has continued to struggle. Our investigation into stereotype threat allows a
new perspective into its impacts and a review of how it has been applied in research in order to
develop future, more impactful studies. Both psychology and Engineering Education researchers
have utilized this theory to investigate how it impacts women’s performance and retention
through male-dominated fields. When investigating stereotype threat, researchers often exam
how it impacts performance, the manner in which different cultures navigate through stereotype
threat, or as broad data to understand how it impacts large populations.
These studies together form an image that stereotype threat negatively impacts women’s
performance, identity, self-esteem, and motivation for retention through male-dominated fields,
but the impact of stereotype threat is not universal in nature. Cultural and intersectional
investigations must occur in order to capture differences between populations and provide
explanations for differences between institutions and programs. Broad data investigations allow
researchers a brief look into how wide-spread stereotype threat can be, but fails to provide best
methods to navigate and mitigate its effects.
After a review of the literature, we recommend that future research studies employ either
exploratory or explanatory research methodologies and the inclusion of intersectionality in future
studies of stereotype threat. These recommendations are because of how stereotype threat can
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impact diverse populations differently based on student support structure and motivations.
Qualitative data will also allow the researchers better understand how women can create their
own motivational structures to navigate and negotiate their identities through masculine fields.
The quantitative data, however, still allows researchers to understand how broadly and to what
degree stereotype threat impacts large populations.
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MANUSCRIPT 1: NEGOTIATING MASCULINE SPACES
Introduction
The proportion of men and women in engineering classrooms has changed since the
1960s, but women continue to be significantly underrepresented in engineering. From the 1960s
until the early 2000s, engineering graduation rates for women steadily increased, but beginning
in 2004, engineering graduation rates for women decreased while rates for men continued to
increase (Grose, Thomas K., 2006). Compared to males, females are more likely to enroll in
undergraduate postsecondary education immediately after high school and to attend graduate
school; however, females are much less likely to major in engineering (Freeman & National
Center for Education Statistics, 2004). The negative trend in engineering graduation rates for
women that began in 2004 occurred at a time when the overall enrollment of women in
engineering had increased (National Science Foundation, 2017) which indicates that there is
often also a retention issue for women in engineering. Although significant positive gains have
been made over the past decades, the recruitment and retention of women in engineering remains
an important focus for the engineering education community.
With an eye towards improving recruitment and retention of women in engineering,
researchers have investigated the motivations to women’s progression into and through
engineering programs. Despite women in engineering typically having higher GPAs and
equivalent aptitudes in engineering (Amelink & Creamer, 2010; Holloway Beth M., Reed Teri,
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Imbrie P. K., & Reid Ken, 2014), women have lower self-efficacy (Marra et al., 2009; Raelin et
al., 2014), self-confidence (Huang & Brainard, 2001), and identity in engineering (Capobianco,
French, & Diefes-Dux, 2013; Litzler, Samuelson, & Lorah, 2014). These factors impact
women’s satisfaction within engineering (Amelink & Creamer, 2010) and contribute to why
women identify engineering as a “chilly climate” (Beddoes & Borrego, 2011; Hall, Sandler, &
Association of American Colleges, 1982). Investigations of motivation constructs in engineering
consistently report that women have lower motivational levels than their peers.
In order to understand why women have lower motivations in engineering, we can
examine how engineering as a social institution may be failing to support women. Feminist
theory is a widely applied sociological theory that investigates gender inequality and critiques
masculine institutions. Within this paper, we use feminist theory to construct the idea of
undergraduate engineering as a masculine institution that women must navigate in order to
succeed. We then use semi-structured narrative interviews to illustrate how undergraduate
women initially form their engineering identities and negotiate them through a masculine space.
Theoretical Approach
Engineering as an Institution
Sociologists have often utilized the concept of institutions to critique aspects of society,
including family, education, and the work place (Martin, 2004; Ridgeway, 2013). Martin (2004)
frames institutions as having 11 different components, which can be condensed into two themes:
societal structures that contain hierarchies and common embodied identities, which are a
characteristic of groups. Undergraduate engineering programs have sustained hierarchies, which
means that there are clear leaders (e.g., professors, upper classmen) and followers (e.g.,
underclassmen). These hierarchies allow for stratification of power throughout the system and
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often lead to inequalities that persist from tradition (Ridgeway, 2013). Undergraduate
engineering students also have collective identities that are formed from their group experiences,
often with the engineering identity formation occurring prior to their major choice (Capobianco,
French, et al., 2013; Godwin, Potvin, Hazari, & Lock, 2016; Grimes, McFalls-Brown,
Mohammadi-Aragh, & Sullivan, 2018). By framing undergraduate engineering as an institution,
we are able to critique the need for women to negotiate their identities in order to persist and
succeed within it.
Negotiating Gender Identity in Masculine Spaces
Success in gendered institutions, organizations that contain hierarchies that are gendered
or male-dominated spaces, varies by gender. Feminist researchers argue that gendered
institutions can be difficult for women to enter and be successful within (Acker, 1990). In maledominated workplaces, men are given more opportunities for success and promotion because
managers are more likely to relate to and hire people that are reflections of themselves
(Ridgeway, 2013). Sociologists and feminist scholars argue that this lack of equity in career
advances contributes to lowered interest for women in these fields (Fine, 2010; Ridgeway, 2013).
Engineering can be viewed as a gendered institution that undervalues feminine traits. For
example, engineering undergraduate students value masculine traits in speech acts (Wolfe &
Powell, 2009) and women within undergraduate programs are typically undervalued within
group activities (Meadows, Lorelle A. & Denise Sekaquaptewa, 2013). Consistent with feminist
researcher views of success in a male-dominated spaces, data from the National Science
Foundation shows that women are retained in engineering at lower rates than their male
counterparts (National Science Foundation, 2017).
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Sociologists also argue that women must constantly construct and reconstruct their
gender identity and how they “do gender” while in masculine spaces. “Doing gender” was a
ground breaking study that discussed how society constructs gender and that the way people act
constantly either reifies or transgresses gendered expectations (West & Zimmerman, 1987). In
this view of gender, the gendered system cannot be escaped but rather negotiated as one moves
through society. Engineering classes are male-dominated areas that heavily value masculine
traits to the point that masculine voices and speech acts are more highly valued than feminine
(Hall et al., 1982; Wolfe & Powell, 2009). Women present within these masculine spaces often
have to renegotiate their senses of selves in order to better correlate their identity with
engineering in order to persist through the field (Fine, 2010).
In Undoing Gender, Deutsch constructs a clearer image of how “doing gender” has been
used to investigate women within masculine spaces. She contests that constantly doing gender
only continues to substantiate an unequal gendered system and cited studies that agreed with her
view that the degree to which a person behaves masculine or feminine can often be dictated by
the space within society they occupy (Deutsch, 2007). As Fine (2010) concluded, women who do
persist often “turn away from being female” (pg. 50). This means that the renegotiation of their
gender requires them to shed more feminine traits in order to better fit within a more masculine
institutional structure. Becoming more masculine is a form of protection that can guard women
from identity threats such as stereotype threat or a lack of belonging within the “chilly climate”
of engineering (Beddoes & Borrego, 2011; Deutsch, 2007; Fine, 2010). Women who choose to
exist within masculine fields can also be seen to be resisting gender normative roles (Shaw,
2001). The continuation of feminine traits is a stronger form of resistance but it requires more
time and efforts (Shaw, 2001). Resistance in either form can cause mental overloads to a degree
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and can impact a woman’s performance within male-dominated fields. These mental overloads
are often lumped within the theory of stereotype threat.
Stereotype Threat
Stereotype threat provides a framework for understanding how the fear of fulfilling a
negative stereotype of a group can impact the performance of minority students. Stereotype
threat was first developed by Steele and Aronson to describe the phenomena of negative
stereotypes impacting the performance of African American students (Steele & Aronson, 1995).
The mechanisms of stereotype threat were then slowly parsed out, and researchers found that the
stress of stereotype threat could negatively impact working memory (Beilock, Rydell, &
McConnell, 2007) and cause a mental overload (Croizet et al., 2004). The stress of negative
stereotypes could also cause individuals to have lowered self-efficacy (Crocker & Major, 1989;
Huang & Brainard, 2001), which often acted as a way to protect the individuals from lowered
performance. Minority individuals were most often impacted by stereotype threat when their
minority status became highly salient (Steele, 1997; Steele & Aronson, 1995). While stereotype
threat could be mitigated by researchers, its impact in the classroom as it is easily triggered,
especially before difficult tasks (see examples in: Aronson, Fried, & Good, 2002; Beilock et al.,
2007; Bell, Anderson-Cook, & Spencer, 2004; Brown & Pinel, 2003).
Eventually, researchers delved into how stereotype threat impacts women within
masculine fields such as math. Researchers found that when exposed to negative stereotypes
prior to an exam, women’s performance on hard math or engineering related tasks suffered
(Heatherton, Kleck, Hebl, & Hull, 2000). To combat stereotype threat, individuals who suffer
from negative stereotypes will commonly group together or attempt to conform to the majority
(Asch, 1961; Frable, Platt, & Hoey, 1998; Heatherton et al., 2000). For women in engineering,
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this often means becoming less feminine in order to conform to the masculine traits expected
from the field (Fine, 2010). However, the presentation of professionals and professional
experience can help mitigate women’s lack of belonging and reduce attrition (Cech, Rubineau,
Silbey, & Seron, 2011; Hartman & Hartman, 2006). Stereotype threat is therefore an understood
barrier to women’s sense of belonging and identity (Goffman, 1963; Heatherton et al., 2000)
which negatively impacts women’s self-efficacy (Schwery, Denise, David Hulac, & Amy
Scheweinle, 2016).
While researchers have used stereotype threat to research how stereotypes can impact
minority students’ performances and engineering identity formation, our study allows a deeper
perspective into what stereotypes may still be present within the rural South so that future
research can further delve into how local culture can impact students. In this study, we analyze
how stereotypes may be presenting themselves as barriers to women within the college of
engineering. Our analysis does not examine the performance impact of stereotype threat, rather
we investigated for which stereotypes may still be present within the college and how the
participants discussed their impact.
Summary and Research Question
Our research is a perspective into how the culture of engineering impacts undergraduate
women. We investigated how these women initially formed their engineering identity and
continue to negotiate their way through an engineering program. We also used these interviews
to investigate how stereotypes and stereotype threat may continue to present themselves in a
rural engineering college. The overarching research question driving this work is: How do
undergraduate women experience and navigate engineering, a gendered institution, in the rural
South in terms of identity formation and negotiation?
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Methods
Location
We conducted our study at a large land grant institution in the rural South. The rural
South has stronger ties to hegemonic masculinity and stricter gender normative roles (Ginorio,
Fournier, & Frevert, 2004). Being located within the rural South also means that women often
have less access to engineering experiences (Davis, 1999) and are less likely to be able to form
possible selves within masculine fields (Fine, 2010; Kelly, Dampier, & Carr, 2013). The study
site also has lower graduation rates of women in engineering programs compared to national
averages. At the study site in 2014, 15.7% of engineering bachelors were awarded to women
compared with the national average of 19.8% (Mississippi State University, 2018; National
Science Foundation, 2017). Similarly to national trends, the enrollment of women in engineering
fields was not uniform across undergraduate degree programs. The highest enrollment rate was
for agricultural and biological engineering whose graduating class was 35% women. On the
opposite side of the scale for female students, computer science had no woman graduates in
2013-2014. Similar rates can also be seen at a national level where biological engineering
awarded 34.4% of their degrees to women, but the national average for women in computer
science was 14.5% (Yoder, 2015), which indicates there may be something unique occurring at
our particular study site. We note that the highest national average for women’s graduation rate
in 2014-2015 was in petroleum engineering at 49.7% and the lowest was for computer
engineering at 10%.
Participants
Recruitment occurred through the Society of Women Engineers (SWE) and Women of
Aerospace email lists. Individuals volunteered by completing a survey that asked for the
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participant’s name, email, engineering major, and consent to be contacted for an interview. We
acknowledge that recruiting through the SWE membership list added potential bias to the study
as women who participate in SWE typically have stronger engineering identities due to their
participation SWE activities. However, recruiting through the SWE membership list allowed us
to contact women across all engineering majors. Even still, response to our recruitment survey
was low. Though we interviewed every survey respondent and all engineering departments were
represented, we were only able to conduct nine interviews. Table 4 contains the participants’
pseudonyms, majors, race, and year.
Table 4

Participant information

Pseudonym

Major

Race

Year

Jennifer

Aerospace Engineering

White

Senior

Lindsey

Biomedical Engineering

African American

Junior

Cortney

Chemical Engineering

African American

Senior

Kathy

White

Freshman

Martha

Civil and Environmental
Engineering
Computer Science

White

Senior

Julie

Electrical Engineering

Indian

Senior

Dawn

Industrial Engineering

White

Sophomore

Hayley

Mechanical Engineering

White

Sophomore

Rebecca

Mechanical Engineering

White

Senior

Data Collection and Analysis
Individual interviews for this study were conducted within a private office space. The
interview protocol was a semi-structured narrative interview. Narrative interviews usually
require multiple conversations in order for researchers to grasp the culture that they are
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investigating (Moen, 2006). Due to the interviewer’s familiarity with the engineering program,
she was able to develop repertoire with the participants through shared experiences and used that
familiarity when developing the code book. The first questions delved into how the participants
chose engineering (e.g., When was the first time you heard of engineering, why do you think you
chose engineering, and why do you think you chose your engineering field in particular?). After
that, the participants were asked why they think engineering has a lower female enrollment rate
and about any problems they have personally faced within their undergraduate programs. To
refocus on positive experiences, the participants were also asked what they enjoyed about
engineering. Finally, they were asked a validation question, which provided participants an
opportunity to expand upon interview topics or discuss any other ideas they perceived as
important to the interview.
We identified two primary limitations with our interviews. First, the interviews were all
conducted by one of the authors, a woman graduate student in engineering who earned her
bachelor’s from the study site. Her familiarity with the engineering programs at this university
may be a limitation as someone with a different perspective may have asked additional follow-on
questions. However, it is also possible the participants found it easier to discuss sensitive topics
with a person with similar experiences to their own. Our second interview-related limitation is
that the graduate student interviewer, newly trained in interview techniques, lacked prolonged
engagement with the participants. The length of the interviews ranged from 20 to 30 minutes,
which is the typical minimum for an in-depth qualitative study (Dicicco-Bloom & Crabtree,
2006). The short interview timing is more acceptable for the focused nature of this work, but the
study would be strengthened by spending more time with the participants. We do note that one of
the interviews was particularly short and only lasted 10 minutes. In that case, the participant was
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temporarily non-verbal and disclosed their responses via writing, which made it difficult to build
rapport.
All interviews were recorded and later transcribed for analysis. The data was thematically
coded by two female graduate students who graduated with engineering degrees from the study
site. They utilized a priori coding methods and coder consensus to form themes as described by
(Strauss, 1990). The codes were sorted intro three themes: Identity Formation, Identity
Negotiation, and Stereotype Threat. The Identity Formation focused on how the women first
developed an engineering identity and how it was maintained until college. Identity Negotiation
encompassed how they were able to negotiate their engineering identity with their gender
identity. Stereotype Threat included how the women felt their gender impacts their experiences
in engineering and poses as a threat to their existence within the field. We then compared
responses based on race to examine Intersectionality.
Results and Discussions
We present and discuss the results for each of our three themes: Identity Formation,
Identity Negotiation, and Stereotype Threat. In a fourth subsection, we present and discussion
Intersectionality, a comparison of the experiences of minority women participants to the
experiences of white women participants.
Identity Formation
Previous research has established the early development of engineering identity through
positive experiences assists with women’s motivations into the engineering field (Capobianco,
Diefes‐dux, Mena, & Weller, 2013; Capobianco, French, et al., 2013). While we acknowledge
that identity formation is a large field, in our case, we are focused on how the participants first
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began to form an engineering identity. Consistent with previous studies on engineering identity
formation, our participants cited positive experiences with a mentor that helped form their
engineering identity prior to enrolling in an engineering program. In fact, the majority of the
participants had family members involved in an engineering field. When asked when they first
heard of engineering, four of the participants discussed how their fathers or both parents were
engineers which formed a feeling of “inevitability” for themselves to enter the field. Martha
appeared to be a legacy in engineering:
My parents were engineers and my grandfather, aunt and uncle. For me it wasn't "what
do you want to be when you get older" it was "what kind of engineer do you want to be
when you get older?"
Similarly, Cortney confirmed that there were feelings of inevitability when choosing engineering
as a major:
Well, both my parents are electrical engineers, so I've heard it all my life. I've known
about engineering since I was a little kid. My parents pushed me toward engineering
since I was... as long as I can remember so it was inevitable that I was going into
engineering.
Julie and Jennifer also discussed

how they believed that their “only choice” was the type of

engineering they went into because their family had already decided that they would be
engineers. This may indicate that while early introductions to engineering through family
members can help motivate women into the field, these introductions can also begin to serve as a
substitute for individualistic engineering identity formation. The development of these women’s
engineering identity was decided while they were young and carefully formulated by their family
members. By presenting their identity as a by-product of their family, especially men in the
37

family, the participants remove the burden of choosing engineering and instead adopt
engineering as a piece of themselves. The participants were also able to look to close family
members as examples of what a person needed to be in order to succeed in engineering and could
see reflections of themselves in those family members.
The three participants who did not have family members involved in engineering had a
mentor or a person who suggested engineering to them. The participants with mentors were not
introduced to engineering until later in life. Instead, they were unaware of their capabilities until
they were externally validated through the mediation of a person they respected. These mentors
were often teachers or coaches who noticed the woman’s abilities and interests and suggested
engineering as a potential future for them. Lindsey’s first introduction to engineering came in the
form of a cheerleading coach in high school:
It was my cheer coach, she saw like a lot of things like I love math, I love science… I just
didn't know what cause at first I wanted to be pre-med but I was talking to her and she
was like "have you ever heard of biomedical engineering?" And I looked at it and I just
fell in love it so she kinda led me in that direction
While Rebecca was not even thinking of engineering until community college:
I found it (engineering) interesting and was highly encouraged by my drafting and design
instructors in community college to pursue it
While the participants who had family members in engineering discussed those connections as
reasons for entering engineering, the participant with mentors relied more heavily on their
natural interests in math and science. However, these individuals still needed a “gatekeeper” to
discuss engineering with them. Every participant in this study had either a parent or mentor that
helped guide them into engineering by reifying their ability to succeed in the field. This indicates
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that women, when entering male-dominated fields may need reassurance from others to allow
them to overcome societal barriers and navigate their identities into masculine spaces.
When asked why they chose engineering, almost all of the participants discussed a
natural talent and interest in engineering or concepts similar to engineering (e.g., problem
solving, math, science) For instance, Dawn said:
I was really good at math and science, and I was like, ‘well, I’ll just do engineering cause
I’m good at it’ you know? And then because I was thinking mathematics and stuff, I don't
want to be a teacher I don't wanna be like an artist. You know? I couldn't really think of
anything else that I wanted to do.
Similarly, Martha stated:
Part of it [why I got into engineering] was definitely my strengths. I was definitely better
at math and sciences. I, for a long time, I wanted to be a doctor because I always wanted
to do something to help people, but I can't do blood so that kinda uh marked that off for
me haha. And I kinda felt like engineering was kind of a different way of helping people
uh like a kind of sideline helping people where they don't notice it as much, but you're
still in a way helping.
Dawn, Martha, and other participants who view math and science as a personal strength were
able to situate themselves in engineering through their confidence in their math and science
abilities. Math and science are often promoted as necessary requisites for engineering, and for
these women, framing engineering as a field of math and science was beneficial. However,
previous calls, such as Changing the Conversation (National Academy of Engineering, 2008),
depict how framing engineering as a field of math and science may be preventing the United
States from reaching its true potential for innovation and diversity. Math and science have
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become highly masculinized fields within our society, so when engineering is constantly referred
to as a place only for those who are talented in math and science, recruiters could be
unintentionally excluding women who have the ability to be successful in the field but struggle
to identify with math and science due to social constraints. Instead, our interviews show that if
recruiters focus on how engineering can be utilized to help people, like how Martha stated:
I always wanted to do something to help people…... And I kinda felt like engineering was
kind of a different way of helping people
Or if we show that engineering can help improve society like what Cortney cited as a motivation
Like I love solving problems I love making, knowing that I'm going to make the world a
better place one day.
Then engineering could become less masculinized and more welcoming to women.
Identity Negotiation
The women in this study negotiated their gender in engineering through two different
ways 1) justifying reasons why they did not go into more feminine fields and 2) renegotiating
their fields into more feminine applications. First, in response to the question, “Why do you think
you chose [to major in] engineering?” multiple of the participants discussed why they did not
choose to go into medical fields rather than simply state their motivations for choosing their
engineering major. For example, in response to “Why did you chose chemical engineering?”
Cortney needed to justify why she did not go into the medical field before stating why she chose
chemical engineering:
I thought for a while maybe I wanted to go be a doctor and then I realized that I don't
really like blood.
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Similarly, Julie when asked why she chose Electrical Engineering felt a similar need to justify
her choice to go into a more masculine field:
I really wanted to be like a doctor but I hate blood and it freaks me out so there was no
way I was going to go into anything related to biology or medicine um so that was not an
option.
The idea of wanting to help people, but not feeling comfortable in medicine, a more feminine
field, also appeared in Martha’s interview:
I for a long time I wanted to be a doctor because I always wanted to do something to help
people, but I can't do blood so that kinda uh marked that off for me haha. And I kinda felt
like engineering was kind of a different way of helping people uh like a kind of sideline
helping people where they don't notice it as much, but you're still in a way helping.
Reasons for choosing engineering over medicine were often followed by explanations of how
their major of choice still allowed them help people or society. Culture, especially in the rural
South, pressures women to be caretakers (Deutsch, 2007; Ridgeway, 2013; West & Zimmerman,
1987). Therefore, we interpret participants framing a decision to major in engineering instead of
medicine and simultaneously justifying that engineers help people as a renegotiation of
engineering to fit their gender identity. The second way participants negotiated their gender in
engineering was through feminine applications of engineering. For example, Cortney
renegotiated her interest in Chemical Engineering through another feminine area, make-up:
I love make up so I made my own make up when I was a kid. Me and my dad like I told
him I was interested in making make up and he….. came home one day and he had just
like you know all different types of stuff and he was like ‘you make make-up with
this’…… And so he taught me how to like….. so that's why I liked chemical engineering
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because I like the fact that I could mix different types of products like chemicals it mixes
together and becomes a product.
Fine (2010) previously argued that women within masculine fields often persist by negotiating
their identities to be more masculine, but within our interviews, many of the participants seemed
to arrange their beliefs of the major to fit closer to their feminine identities. Our participants
reframed engineers as caretakers or used engineering to explore a feminine application.
The need to negotiate one’s identity or beliefs about engineering are a result of presenting
engineering has a masculine field. Several participants discussed recruitment issues for women
in engineering as a result of the lack of woman role models. For example, Hayley stated that
engineering is not feminine and that women have to work harder in the field:
It's a challenging math subject and not feminine and it just doesn't have a lot going for it
to encourage you to try extra hard in that particular subject. Whereas, guys you know I
think have male astronauts and it's a masculine type thing so they're giving extra effort in
that class.
Dawn affirmed that it can be difficult for women to go into engineering because it is dominated
by men:
I also just think like for girls like it is a male dominated field and so I think like once
more girls start going into engineering more girls are going to be like "oh, I can do this"
Our data supports the idea that presenting engineering as masculine directly impacts women’s
enrollment and persistence within the field. Engineering has formed an image that is
stereotypically masculine which makes it more difficult for women to relate and form an identity
within it. Our data suggests that if we reframe engineering in such a way that feminine interests
can exist within the sphere of engineering, we may be able to increase the female enrollment.
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Future research on diversity in engineering should focus on how best to redefine the field itself in
order to be more accommodating to women.
Stereotype Threat
The participants were asked to describe the hardest parts of being a woman in
engineering. In response, many of them recounted experiences where pre-existing stereotypes
about women disrupted their engineering experience. The described experiences were often peer
induced or even came from internal feelings of not belonging. We grouped these experiences
under stereotype threat because they were stressors induced by negative stereotypes held about
women in engineering and impacted the women’s sense of belonging and senses of self within
engineering (Heatherton et al., 2000; Spencer, Steven J., Claude M. Steele, & Diane M. Quinn,
1999). Lindsey brought up how negative stereotypes about women in engineering impacts her:
It’s just so hard sometimes you know cause you just feel like, like they think we don’t
have an affinity or we’re not just as smart as them and that’s kinda frustrating to me
Martha also commented on how her peers treated her differently through their reactions to her
answering questions in class:
A lot of guys have the perception that they know more than me ummm so when I do get
something right it's like "whoa" you know "she isn't dumb" instead of like if another guy
got it right it would just kinda be like another day in class but when the girl says
something correct it's like "wow" so that's different
Dawn also related that she felt as if she had to prove herself in engineering and make fewer
errors or she would not be accepted by her peers or professors
I also think that like sometimes I feel like I'm not like taken as seriously like especially
because like if you have like a dumb moment which like everyone does like sometimes I
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feel like people are like "ohh" or just kinda of like… I feel like sometimes professors don't
take me as seriously. You know like? Especially because like if I ask a question and they
explain it and I still don't understand, I immediately they are just kinda like…. sometimes
I feel like they're like "why are you in engineering?"
Julie affirmed that she had to work harder to prove that she is of the same caliber as her male
peers:
You really have to take a lot of crap. You really do. You know the whole, innocent until
proven guilty? Engineering is the exact opposite. Like, guys will assume that they're
smarter until proven dumb. Girls are the exact opposite. I have to prove that I'm you
know up to your caliber. Why? Just treat me like them. And not everyone does it.
Julie, when further questioned even believed that a lot of the issues come from pre-existing
stereotypes:
I'm sure it's got a lot to do with stereotypes because you know a lot of like "guys are
supposed to be smarter in math" and some of them are but it's weird because we're not
that bad actually sometimes we're smarter than them
Being a minority in a classroom can induce mental overload and stress through stereotype threat
(Beilock et al., 2007; Croizet et al., 2004; Spencer, Steven J. et al., 1999), so it is of little surprise
that experiences linked to being singled out came forth within the interviews. The participants
mostly spoke of the feelings of not belonging and constant questioning of their abilities within
engineering, but there were other times where the participants relayed specific incidents where
their gender became highly salient. Martha discussed a particular incident where her gender
caused her to be viewed differently than her male peers

44

I think part of the hardest part is always getting pointed out. You know? I mean, even in
class time this semester, one of my guy friends came to sit by me and another guy that
was a couple seats down from him made the comment "oh you're going to sit by the pretty
girl in the class”
By being the only woman in the classroom and her gender being called to attention, Martha
likely felt solo status, which can trigger performance-hindering stereotype threat (Sekaquaptewa,
Denise & Mischa Thompson, 2003). This is a very clear example of how negative stereotypes
appear to undergraduate women in engineering. Martha’s perception of herself in the classroom
requires that she have fewer errors than the average man in order to prove herself worthy of
participating. While this phenomena has been acknowledged within previous research, Martha’s
discussion of the subject allowed a perspective into how women in engineering acknowledge and
ultimately navigate this barrier to their persistence. Martha went on to say that she “just enjoys”
the major which allowed her the motivation to persist.
Cech (2011) discussed how professional experiences are supposed to counteract the
identity threat posed to women in masculine fields, but when one of the participants discussed
her experience being an intern at an engineering company, she addressed how difficult it was to
navigate being a woman in such a masculine space. For example, Cortney talked about her
internship at an engineering company and the issues she faced
The hardest part of being a [woman] engineer is not seeing yourself throughout the day.
So I'm interning right now and I look to my left, look to my right and I see guys all day.
Um, the only time I see a girl is if I go downstairs in the HR department and I talk to the
girls in the HR department. There is another girl in the engineering section in the plant I
work in but we're like on opposite sides of the engineering office. We don't even see each
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other. My whole entire world, my whole entire area is just filled with guys and it sucks
you know….. So it's still even hard because you can't relate to them because they are in a
whole different ball game they are running a whole different race.
Similar to Cortney’s story, the lack of women in engineering came up during other interviews as
a reason for lowered enrollment rates for women in the field. The participants discussed how it
could be difficult for younger women to see potential selves in engineering due to there not being
“a reflection” of themselves. The lack of visible successful women in engineering can act as a
signal to women that they do not belong in the field and directly impact recruitment and
enrollment rates. As seen within the identity formation, all of these participants had someone
who introduced to them the idea that they could belong in engineering, and without those
interactions they may not have tried. There are women who exist who have the same aptitudes
and attitudes but may lack the interventions and opportunities found within this study, especially
within the rural South.
The impact of society and expected gender norms was also addressed as a threat to the
enrollment of women. Lindsey discussed how gender roles tried to dissuade her from
engineering and into more feminine fields:
I always loved math and science and nobody like, nobody came and tried to say hey,
nobody tried to introduce engineering to girls so early, they kinda push them away.
"Maybe you should be a nurse or you should be a teacher" things like that
Cortney affirmed:
When they are younger, girls are expected to be like housewives or like cooks or um
interior designers, marketing majors, they don't understand that they can too take the
harder classes. They can take calculus, they can take thermodynamics, and succeed in it
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very well. It's not a guy field, it's just a field. Everyone. It's a human brain you can learn
whatever you want in that brain of yours
Lindsey and Cortney’s stories show that women in engineering are aware of when and how they
are breaking gendered norms within their majors. They believed that they have been given the
opportunities to break away from normative behaviors through experiences and interventions by
mentors and parents, but these opportunities are not widely available in the area. As Lindsey
discussed, she believed that the lack of exposure to engineering was somewhat deliberate as she
is a woman. Acknowledging only gendered status in these interviews is not enough, which is
why within the next section we discuss differences we noted for our minority women
participants.
Intersectionality
When discussing women’s experiences within engineering, it is important to
acknowledge that not all women will have the same level of stigma and prejudice to face. The
matrix of oppression and privilege is a sociological term that identifies that people have multiple
forms of identities (i.e. race, class, sexuality, gender, etc.) that all impact how they experience
social privilege and oppression (McCall, 2005; Nelson, 2016). Therefore, we also took race into
account when analyzing the qualitative data to identify points where the minority women
discussed how their race impacted their experiences. For instance, while all of the participants
recounted moments of feeling uncomfortable or out of place due to their gender, Lindsey, an
African-American, discussed times when people directly questioned her presence in classrooms.
We note that within the interview structure, Lindsey did not discuss her race as a potential reason
for these events. However, African American women face stronger stereotypes and more
discrimination than white women within patriarchal society and these experiences can worsen
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within masculine fields (Hill Collins, 2000; Steele, 1997). No other participant encountered
discrimination to the same degree as Lindsey, which leads us to consider whether race played an
integral part within these encounters.
Cortney, another African American woman in engineering, did see her race as a factor
when she entered into classrooms.
I walk into a room, especially being a minority engineer, I'm black and I'm [a woman],
people are just going to look at you like I think I'm fairly attractive so people are going to
look at me and so that's a plus. But also it's like knowing that you have to realize that
you're always going to get looked at, you're going to get judged. So I'm on my A game
every single day I walk into that building. Making sure that I know what I have to do that
day.
In Cortney’s case, she acknowledges that she has more burdens due to her race and gender, but
her way of coping is to be overly prepared. This degree of needing to over-achieve in order to be
seen as successful is one method of counteracting stereotype threat. When stigmatized identities
are salient, the burden of the stigma can negatively impact performance through mental overload
and physiological responses (Croizet et al., 2004; Fine, 2010; Heatherton et al., 2000; Spencer,
Steele, & Quinn, 1999; Steele & Aronson, 1995). The novel approach that Cortney took is that
she also decided to use her femininity as a form of protection. Her use and acknowledgement of
these differences are counter to Fine’s previous works on how women in engineering often give
up their femininity in order to persist. Cortney’s methods of dealing with the pressure through
preparation and highlighting her differences may be indicative of a new coping mechanism that
future researchers may want to investigate. Women perpetuating femininity, rather than

48

resigning portions of their own identity, may be the future to diversifying hegemonically
masculine fields.
The international participant, Julie, also had an interesting perspective into how
American culture impacts women in engineering. She was a foreign student from India whose
past included an all girl’s school. Much of her interview involved her comparing her previous
experiences where there were few to no men present, to her experiences being a minority woman
in America:
So there's, you don't really see the competition if you know what I mean in terms of
gender. It was almost reversed for me in 11th and 12th grade because our school allowed
boys at that point. So there were a class of 20 girls and 5 boys. It was really funny! So
you're sitting in computer science or biology or physics class with you know about 90%
girl and 10% boys. So I come here and it's completely reversed right? So I'll be in classes
where I'm the only girl like as you move up in your Junior and Senior year, "how many of
us are there?" you know the girls in your year, you can count them because there's a
small number of them. It's bad.
Her direct inversion from being the dominant gender and race to being a minority allowed us to
understand stereotypes and threats to her identity more astutely. Julie would also speak of times
where her peers would attempt to treat her as less capable, but due to her experiences, her
identity did not appear to suffer:
Guys will assume that they're smarter until proven dumb. Girls are the exact opposite. I
have to prove that I'm you know up to your caliber. Why? Just treat me like them. And not
everyone does it. Like I've worked in groups where you know I have been respected for
who I am and what I bring to the table….. Whereas you know, if you made a mistake it's
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okay for you to make a mistake, I'm not supposed to judge you. But if I make a mistake
you're going to judge me for it and then you know put me down to hell.
Julie also believed that the issue with engineering was a lack of female retention because women
were often shamed out of engineering.
I feel in engineering itself, in terms of retention, I think we should work on retention. Like
the only girls who show up, don't stay, and I don't like that. There's other stuff that
happens, you know like, some girls feel generalized that first year.
Julie’s experiences as a minority foreign student added a glimpse into how the culture of
engineering at this university impacts women and minority students. Her previous experiences in
math and science were at an all-girl’s school so the drastic shift in culture allowed her to form a
critical eye as to how the current culture in engineering disenfranchises women.
Conclusions
Through these interviews, we developed an understanding of how women in engineering
experience and navigate engineering, a gendered institution. Our interviews were conducted in
2016, after efforts to “Change the Conversation” about engineering and make engineering more
inclusive. Our results indicate the “chilly climate” of engineering persists, and women are
negotiating their identities to successfully navigate engineering. Our analysis focused on three
themes: Identify Formation, Identity Negotiating, and Stereotype Threat. We also analyzed the
data for differences among minority women to explore the intersectionality of race and gender.
With regards to Identity Formation, all nine of these participants had mentors, parents,
and/or experiences prior to enrolling in engineering that allowed them to situate their identity
within the field. Although the women who had family members in engineering often discussed
how enrollment was “inevitable” as if they had a lack of agency in their major choice, this may
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have been one form of protecting their identity from negative stereotypes. The participants with
mentors and experiences discussed more agency in their major choice, but they still required
someone in the field that they respected to affirm their abilities to achieve. The participants in
this study often felt the need to explain why they did not enter into more stereotypically feminine
fields. Based upon our evidence, we would recommend that universities implement mentor
programs that contact women and minorities prior to college major choice in order to increase
diverse student enrollment. Our interviews showed that every single participant had a
“gatekeeper” help guide them into engineering and mentor programs are one way to provide that
guidance to students.
With regards to Identity Negotiation, we found that negotiations were done in order to
protect participants’ feminine identities while negotiating space within a masculine field. These
negotiations often were accompanied with reasons as to how their major still allows them to act
as caretakers in society, thus fulfilling a more feminine role and allowing them more freedom in
how they do gender. It was interesting, however, that Cortney remarked that her femininity
helped her decide on engineering despite these pressures often resulting in women negotiating
their identities to become more masculine. Based upon this data, we would recommend that
engineering programs begin to reconstruct the image of engineering to have both masculine and
feminine qualities. Recruiters should continue to inform potential engineers of how engineering
can be utilized to help people and goes beyond simply math and science. By recreating the image
of engineering, women will be able to better identify with the field and increase enrollment rates.
Stereotype threat emerged in these interviews through stories of exclusion and lack of
belonging. In efforts to reduce the impact of fulfilling negative stereotypes, multiple study
participants cited the need to come to class more prepared than their male peers. They discussed
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a need to work harder and be more prepared, which can trigger a mental overload. The women in
this study took more of a burden upon themselves to ensure that they did not fit a negative
stereotype despite the stereotype still existing. They also discussed how specific interactions
with their peers could make their gender more salient and bring about feelings of exclusion.
These women, however, were able to navigate these barriers by constantly re-establishing their
identities through their passions and talents that are internally situated. Future research should
more broadly address how stereotype threat impacts women in engineering and on how best to
rectify these negative encounters for women.
The effect and type of negative experiences for women in engineering were not identical.
The minority women appeared to report stronger instances of discrimination. One of the
participants cited multiple instances of people asking her if she was in the correct classroom, but
another participant decided that instead of allowing the discrimination to force her to become
more masculine, she would use the opportunity to become more visible and succeed. While her
renegotiation of her identity was in direct opposition of previous works, this technique may be
worth future investigation as it forces engineering to accept a new identity rather than women
surrendering their femininity to exist within the field. When conducting future research on
women in engineering, intersectionality should be taken into account in order to examine
differences across constructs.
Future Work
In the future, we plan on further investigating how stereotype threat impacts engineering
students in the rural South through a mixed-methods study. The first step of the study will be to
identify which populations are most at risk for stereotype threat across racial and gender lines,
and then focus groups will be conducted to help reveal patterns for success for these at-risk
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populations as well as to identify potential ways for the college of engineering to support
diversity and inclusivity.
Future research examining women in engineering should continue to investigate how
women negotiate their identities within masculine fields. By investigating from this perspective,
researchers can better understand how the masculine nature of engineering may be discouraging
women and minorities from enrolling. Research should also further account for minorities and
investigate along the matrix of oppression and privilege in order better understand best methods
for increasing diversity within the field. These interviews, however, do provide hope for the
future in that women are now appearing to negotiate femininity into engineering rather than
becoming more masculine in order to persist.
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MANUSCRIPT 2: MEASURING THE IMPACT OF STEREOTYPE THREAT ON
UNDERGRADUATE ENGINEERING STUDENTS
Introduction
Diversity and inclusivity have long been concerns within engineering. While varying
progress has been made in the admittance and retention of underrepresented groups, the national
average enrollment rate for undergraduate women in engineering has remained around 20%, and
75% of professional engineers are still White/Caucasian (National Science Foundation, 2017).
These numbers indicate that in spite of efforts to make engineering more diverse and inclusive
(e.g., recruitment programs, women in STEM movements), the engineering field continues to
have persistent issues with diversity and inclusivity. One theory about why these issues may be
ongoing is stereotype threat, which is the fear certain groups have of fulfilling a negative
stereotype which has a direct impact on student motivation and performance (Beasley & Fischer,
2012; Steele & Aronson, 1995). In this paper, we report on our efforts to investigate a way to
measure stereotype threat for undergraduate engineering students in the rural south. Our study
examines how stereotype threat may still exist in a college that has undergone measures to
increase diverse student enrollment. By using a previously-validated survey instrument designed
to measure stereotype threat across race and gender lines, we pinpoint which groups of students
may still feel disenfranchised despite increased recruitment and retention measures.

54

Theoretical Approach: Stereotype Threat
Stereotype threat refers to an individual’s fear of conforming to a negative stereotype
(Steele & Aronson, 1995). The term stereotype threat was first coined by Steele and Aronson in
1995, but the idea of negative stereotypes impacting individuals was not a new concept.
Researchers had long acknowledged that stigma can negatively impact the formation of identity
(Goffman, 1963) and harm individuals socially and psychologically (Heatherton, Kleck, Hebl, &
Hull, 2000). Steele and Aronson’s novel study showed that stereotype threat could be induced
and directly impact student performance (Steele & Aronson, 1995). In order to better understand
stereotype threat, we formed Figure 4 which is adapted from Steele (1997) along with the
conclusions of other research. The figure emphasizes that an individual must have a knowledge
of a negative stereotype plus an awareness of how it applies to themselves within a diagnostic
situation (i.e. a testing environment, for women it would be a STEM test where women are
expected to underperform) in order to experience stereotype threat.

Knowledge of
Stereotype

Application to
Self

Biological and
Psychological
Responses

Ability / Skill
Assessment
Figure 4

Stereotype Threat Model adapted from Steele (1997)
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Once it was understood that stereotype threat had measurable consequences on
performance, researchers began attempting better understand its mechanics. Through repeated
experimental tests, researchers were able to show that stereotype threat created biological
responses that directly impacted working memory (Beilock, Rydell, & McConnell, 2007) and
caused a disruptive mental workload (Croizet et al., 2004) that directly impacted a student’s
ability to perform during testing (Schmader, Johns, & Forbes, 2008). Researchers found that they
could also alter the impact of stereotype threat through its inducement and mitigation (Aronson,
Fried, & Good, 2002; Keller & Dauenheimer, 2003). Through these experiments, they
discovered that stereotype threat had two requirements in order to occur: 1) the individual must
have a situated identity that can be impacted by the stereotype; and 2) the individual must have
knowledge of, and partially believe in, the negative stereotype (Aronson, et al., 2002; Keller &
Dauenheimer, 2003; Picho & Brown, 2011). For these reasons, stereotype threat is dependent on
the beliefs already held within a culture and can be utilized to reveal hidden barriers to minority
populations.
Rural South Study Site
The deep-south, where the current study was conducted, is known for being entrenched in
stereotypes regarding women and minorities. Due to its rurality, there is a lack of access to
science education, especially in poorer communities that lack the ability to travel (Davis, 1999).
The more conservative nature of the area can also impede women from pursuing degrees in
stereotypically more “masculine” fields and there is increased pressure to obey gender roles
(Ginorio, Fournier, & Frevert, 2004).
The study site was founded after the Morrill Act of 1862 and was segregated until 1965
and did not allow the regular admittance of women until 1932 (McKee, 2017; Oktibbeha County
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Heritage Museum in Starkville, MS, 2015). Despite having a historical barrier to women and
minorities, the university now boasts a nearly equivalent male and female enrollment rate and a
slightly higher than average African-American enrollment (19% as compared to a national
average of 15%) (National Center for Education Statistics, 2018; Office of Institutional Diversity
and Inclusion, 2018). The high African-American enrollment is most likely partially due to the
university’s location in a State that has higher than average percentage of African-American
residents (Office of Institutional Diversity and Inclusion, 2018). Despite the university boasting a
higher than average African-American enrollment rate, the college of engineering has
historically fallen below national averages in terms of minority student enrollment (Figure 5).
While the national average minority student enrollment has been increasing since 2010, the
college of engineering had a negative trend until 2015 at which point the college’s trend began to
become positive.

Engineering Minority Student Enrollment Rate Comparisons
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Figure 5

Minority and African-American student enrollment rates as compared to national
averages (Office of Institutional Research and Effectiveness, 2017; Yoder, 2017)
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In our examination of diversity, we also considered how the college compared to national
averages in terms of female enrollment. We observed a slightly below average female enrollment
in comparison to national averages from 2005-2015 (Figure 6). From 2015 onward, the college
boasted slightly above average female enrollment including 22.5% enrollment in Fall 2018
(Office of Institutional Research and Effectiveness, 2018).

Engineering Female Student Enrollment Comparisons
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Figure 6

Comparison of study site to national female engineering enrollment rate

(Office of Institutional Research and Effectiveness, 2017; Yoder, 2017)

The upticks in African-American and female student enrollment around 2015 is partially
attributable to a university-wide strategic diversity plan introduced in 2013. In the plan, the
college of engineering claimed that they had “a mission to increase the participation of minorities
and women in the field of engineering” (Office of Institutional Diversity and Inclusion And
University Diversity Council, 2013). The plan did not contain specific action details, but
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following the strategic plan, the college diversity office increased their minority focused
recruitment. For instance, one such program is focused on the introduction of engineering to
middle school girls with a mission to “demonstrate that girls can maintain their personal identity
while pursuing technical majors and career paths.” These programs are often free or offer
scholarships in order to serve populations that may otherwise not be introduced to engineering
due to its rurality and lower-income populace (Davis, 1999; Kelly, Dampier, & Carr, 2013). The
enrollment rate of women and minorities in engineering increasing since 2015 does indicate that
the diversity movements are working to recruit a more diverse population, but we do not fully
understand how these changes are impacting the students once they enroll in engineering in
terms of stereotypes about women and minorities.
Purpose of Study
The purpose of this study was to understand the degree to which stereotypes are present
in a college of engineering located in the rural south that recently completed a push for diversity.
The instrument utilized collected data on both gender and ethnic stigmas, thus this was an
intersectional investigation. Our research questions were as follows: 1) Is the Social Attitudes
and Identities Scale psychometrically sound when modified for engineering students? 2) What
populations are most impacted by stereotype threat? 3) How does stereotype threat impact
students in terms of the six constructs laid out within the Social Identities and Attitudes Scale?
We hypothesized that the SIAS scale will be effective to measure stereotype threat in
engineering students and that women and African American students will have significantly
higher rates of stereotype threat.
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Methods
Instrument
For our study, we utilized a previously validated Likert-scale instrument, the Social
Identities and Attitudes Scale (SIAS) (Picho & Brown, 2011), which measures stereotype threat
with six subscales: Math Identity, Gender Identity (GI), Gender Stigma Consciousness (GSC),
Ethnic Identity (EI), Ethnic Stigma Consciousness (ESC), and Negative Affect (NA). As defined
by Steele (1997), stereotype threat requires that the individual have a high personal value within
the affected domain (i.e., race, gender, or the field itself) as well as a knowledge and belief that
negative stereotypes impact them. The identity related constructs (Math Identity, GI, EI),
therefore, all measure the degree to which the participants value their gender, race, and
participation in math in order to establish that the participants have value in those domains. GSC
and ESC measured the degree to which participants believe that their gender and ethnicity impact
their interactions with other people, including professors and other students. The NA subscale
was developed to measure negative feelings experienced during testing that could negatively
impact math identity. These six subscales together form a multidimensional, intersectional
measure of stereotype threat that measures identity and stigma consciousness across race, gender,
and math.
The original scale was designed to measure stereotype threat in STEM fields in general,
thus the authors chose to develop the Math Identification subscale for their investigations.
However, for our study that was limited to engineering students specifically, the inclusion of
math rather than engineering identity did not fit. Therefore, we modified the scale by replacing
the word “math” with “engineering” throughout the instrument. This modification changed the
six Math Identity questions to Engineering Identity (EngID) and modified the section for NA. In
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order to ensure that these changes did not overly impact the instrument, we conducted
Confirmatory Factor Analysis (CFA) and re-validated the instrument for use in the engineering
field. See Table 5 for the constructs, their acronyms, and what they mean.
Table 5

SIAS Scale constructs and meaning

Construct

Acronym Meaning

Engineering Identity

EngID

Measures the degree to which the students
value engineering and see a future within it

Gender Identification

GI

Measures the degree to which the students
value their gender and relate it to their identity

Gender Stigma Consciousness

GSC

Measures the degree to which students are
aware of stigmas attached to their gender

Ethnic Identification

EI

Measures the degree to which the students
value their ethnicity and relate it to their
identity

Ethnicity Stigma
Consciousness

ESC

Measures the degree to which students are
aware of stigmas attached to their ethnicity

NA

Negative feelings experienced during testing

Negative Affect
(Picho & Brown, 2011)

The questions in the instrument were on a 7 point Likert-scale from Strongly Disagree to
Strongly Agree, which followed the original instrument design. The instrument can be found
within the Appendix.
Participants and Recruitment
We attempted to recruit all undergraduate students in engineering, but we also did target
at risk groups in order to ensure that we had enough minority and female students to obtain
statistical significance. Participant recruitment for this study happened through three different
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rounds of recruitment. The first portion was through an email listserv of all undergraduate
engineering students at the university as well as by contacting select groups on campus to ensure
diverse answers. The groups that were contacted were university student chapters of the Society
of Women Engineers (SWE), Women in Computing, the Society of Hispanic Professional
Engineers (SHPE), and the National Society of Black Engineers (NSBE). The first round of
recruitment resulted in 126 responses with 60 women, 62 men, 1 non-binary, and 3 preferring not
to answer. The first round racial demographics did not reflect college averages with 101
Caucasian responses, 10 Black/African American, 4 Hispanic/Latinx, 4 Asian, 4 mixed race, and
2 preferring not to answer. Based on these numbers, we decided to conduct additional rounds of
recruitment.
Subsequent recruitment was targeted. For the second round of data collection, we used
diversity data for engineering majors and recruit through specific departments in attempts to
rectify the racial imbalance. We found that the lowest responses in majors came from Aerospace
Engineering (ASE), Electrical and Computer Engineering (ECE), Computer Science Engineering
(CSE), and Petroleum Engineering (PE). ECE and CSE also both have higher enrollment rates of
Black/African American and Asian students. All four of these majors were contacted to
encourage their students to participate. After the second data collection, we had 177 responses
but still had a low response rate from Black/African American students and Asian students that
did not reflect the college’s racial profile. Due to no on-campus group for Asian students, we
chose to only contact NSBE once more for participants. After one week, the survey had 253
responses, with 179 complete responses which added only one more Black/African American
complete response. At this point, we ended data collection.
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Results
Confirmatory Factor Analysis
Due to our survey alteration, we conducted statistical analysis to revalidate the survey for
engineering. We first conducted a confirmatory factor analysis (CFA) in order to ensure that the
model maintained good fit with the modification. Using SPSS AMOS, we conducted the model
fit analysis and found that there was only a moderate model fit, χ2(390) = 793.39, p < .001, CFI =
.894, TLI = .884, RMSEA = .076, 90% [.069, .084], SRMR = .065. In effort to create a better
model fit, we consulted the modification indices (M.I.) for items that reported higher levels of
error covariance. After examining the modification indices, we found that the highest covariance
(M.I. = 52.21) existed between the first and third questions in the Negative Affect section
(questions 25 and 27). The questions were extremely similar in nature which was likely causing
the conflation. Negative Affect question 3 (question item 27) was therefore removed from the
model, which did improve the model fit but still did not create a satisfactory fit, χ2(362) =
677.893, p < .001, CFI = .908, TLI = .897, RMSEA = .070, 90% [.062, .078], SRMR = .067. For
a better model fit, we found that two of the Gender Identity questions that had the second highest
covariance (M.I. = 35.55) and deleted the fourth gender ID question (question item 10). By
deleting these two questions, we created satisfactory model fit, χ2(335) = 606.163, p < .001, CFI
= .917, TLI = .906, RMSEA = .068, 90% [.059, .076], SRMR = .066.
MANOVA
Before conducting our multivariate analysis of variance (MANOVA) we had to reduce
the number of categories for gender and race due to lower response rates. In our survey, we
allowed participants to answer outside of the gender binary with non-binary, prefer to selfdescribe, and other all listed as potential other options. Due to the low response rate for those
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categories, we sorted all non-binary responses into an “Other” category which reduced the
amount of potential error. Race/Ethnicity was similar in that we allowed for self-identification
and the selection of multiple options, but due to the wide variety of answers, we created an
“Other” category in order to capture lower response results. The demographic data is in Table 6.
Table 6

Demographic data of the participants
Gender
Man
Woman
Other

Number of
Participants
92
82
5

Race
White/Caucasian
Black/African American
Asian
Hispanic
Other

Number of
Participants
137
20
8
5
9

The questions related to each of the six constructs (GI, GSC, EI, ESC, EngID, and NA)
were averaged together for each participant resulting in six subscale averages per participant.
The average score for each construct and the participants’ gender and ethnicity were then
analyzed utilizing IBM SPSS 25. We ran a two-way between-subjects MANOVA with p < .05
with gender, ethnicity, and the interaction of race and gender as our independent variables and
the six subscale scores as the dependent variables. The complete results are in Table 7 with the
areas of significance bolded.
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Table 7

Results of the MANOVA with F statistic and p values reported

Gender

Ethnicity

Gender*Ethnicity

Construct
Engineering ID
Gender ID
Gender Stigma
Ethnic ID
Ethnic Stigma
Negative Affect
Engineering ID
Gender ID
Gender Stigma
Ethnic ID
Ethnic Stigma
Negative Affect
Engineering ID
Gender ID
Gender Stigma
Ethnic ID
Ethnic Stigma
Negative Affect

F
2.284
4.572
12.036
2.282
7.125
2.656
.315
.454
1.652
1.971
1.855
1.867
.903
.792
1.828
1.314
1.792
1.499

p Value
.105
.012
.000
.105
.001
.073
.868
.769
.164
.101
.121
.118
.494
.578
.096
.254
.104
.181

Our MANOVA found no significant differences across the constructs in ethnicity or the
interaction of gender and ethnicity. However, there was a statistically significant difference in
gender, F(12, 322) = 2.82, p < .001; Wilk's Λ = 0.816, partial η2 = .097. A one-way ANOVA
was then conducted with gender as the only independent variable in SPSS. The ANOVA found
significant difference in GI, F(2, 178) = 15.57, p < .001; GSC, F(2, 178) = 22.63, p < .001;
ESC, F(2, 178) = 4.38, p = .014; and NA, F(2, 178) = 6.64, p = .002. We then conducted a
Bonferroni post hoc test, and found the significant differences were between men and women
and not with the “Other” category. The means, standard deviations, and Bonferroni p values are
reported in Table 8. Figure 7 displays the means for men and women across the 6 different
constructs.
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Table 8

Bonferroni post hoc results with mean and standard deviations.

Gender ID
Gender Stigma
Ethnic Stigma
Negative Affect

Men
Women
Men
Women
Men
Women
Men
Women

M
2.8693
4.1138
2.8103
4.1927
2.3348
2.9024
2.6587
3.5610

SD
1.64263
1.24974
1.44189
1.31973
1.41331
1.36743
1.71189
1.48787

p Value
< .001
< .001
= .023
= .001

6
5
4
3
2
1
0
Engineering
Identity

Gender Identity Gender Stigma Ethnic Identity Ethnic Stigma Negative Affect
Conciousness
Conciousness
Men

Figure 7

Women

Comparison of means between men and women across constructs

Discussion
After CFA, we found that the SIAS instrument can be effectively utilized to measure
stereotype threat within engineering. While the instrument did initially have some model fit
issues due to covariance, we were able to resolve these issues by modifying the survey and
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removing 2 questions that had higher covariance. Each construct therefore was addressed
through 3-6 questions. However, future studies should begin with the entire instrument as our
covariance errors may have been due to a lower response rate.
Our results indicate that stereotype threat impacts women in engineering significantly
more than men, regardless of race. The low response rate of minorities in the survey could have
been a reason that we were unable to find significance between ethnicities or the interaction of
gender and ethnicity. However, ESC was significant at a p = .05 level at a gender level. This
indicates that women encounter more stigma in engineering both in regards to their gender and
ethnicity. The reasoning for this could be due to increased solo-status for women of color, but
due to our data having low minority participation, future research with a larger sample size
should investigate further into why ESC was only significant for gender and not ethnicity nor the
interaction of gender and ethnicity.
By better understanding how stereotype threat impacts women, we can create better
strategic plans for their recruitment and retention. Our survey results indicate that strong
stereotypes about women in engineering still persist and interrupt their interactions with their
peers and professors despite there being a growing number of women matriculating through the
program. Based upon our results, the colleges of engineering should create more efforts to dispel
stereotypes about women in engineering and work to create a more inclusive environment for
women and future research should be done on how to model these interventions.
The location of this study is important as stereotypes and the threats they present can be
impacted culturally. For this university, even after implementing a plan to better include women
and minorities, it appears that gender stereotypes are still very much present and directly
impacting the motivations of women in the college of engineering. This could be due to the rural
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south having more “traditional” cultural ties that can create bias against women in technical
fields (Davis, 1999; Kelly et al., 2013). However, the survey utilized only measures student
perceptions rather than actual cases of stereotypes in action. Further research should investigate
how students’ perceptions developed as well as investigate specific cases in which participants
cited their gender/ethnicity being a barrier within engineering.
The last area that was significant in the survey was NA. NA was defined as negative
feelings associated with engineering tests and is very similar to self-efficacy (Picho & Brown,
2011). Researchers have long acknowledged that women in engineering have lower levels of
self-efficacy than men (Marra, Rodgers, Shen, & Bogue, 2009; Raelin et al., 2014), but as of yet,
researchers have failed to explain why this phenomena occurs. Our results indicate that
stereotype threat could be a potential explanation into why women have significantly lower
confidence in their own abilities. Stereotype threat builds within a context and causes there to be
a mental overload that directly impacts performance. Because women are significantly more
aware of their gender and stigmas associated with their gender, they are then more susceptible to
other threats to their identities and stereotype threat as a whole. In order to address NA and
lowered self-efficacy for women, our results suggest that we must first address negative stigmas
associated with women in engineering.
Conclusions
Research Question 1: Is the Social Attitudes and Identities Scale psychometrically sound when
modified for engineering students?
Based on our results, the SIAS scale can be effectively used within engineering. The
survey instrument had moderately good fit when modified. After the elimination of two of the
questions that had the highest modification indices, the model had satisfactory fit. Future
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research should be conducted with a larger study population, to examine if the modifications
described herein are still necessary to make the instrument is valid for engineering.
Research Question 2: What populations are most impacted by stereotype threat?
Our results indicate that women, regardless of ethnicity, are impacted by stereotype threat
across 4 of the six constructs. This means that women on average undergo stereotype threat to a
significantly higher degree than men. Therefore, future recruitment and diversity efforts at this
university should be focused more on gender diversity and inclusivity in order to rectify their
lowered diversity levels. However, this result could be due to the lower response rate from ethnic
minorities but relatively high response rate of women in engineering.
Research Question 3: How does stereotype threat impact students in terms of the six constructs?
Women overall had higher GI, GSC, ESC, and NA, meaning that they experience
stereotype threat at significantly higher rates in 4 of the 6 constructs measured. Women place
more value in their gender than men while also perceiving that their gender and ethnicities
negatively impact their interactions with peers and professors at higher rates. These factors
together could also be contributing to the negative feelings that women report experiencing at
higher degrees during difficult engineering tests.
Future Work
Our research contributes to the literature on stereotype threat in engineering by providing
a first application of the SIAS instrument on engineering students and by allowing a first-look
into how stereotype threat exists at an engineering college in the rural south that has a diversity
action plan ongoing. However, future researchers should continue to investigate how ethnicity
impacts students in engineering as well as if the culture of their area impacts the significance of
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the different constructs. Qualitative studies should also be done in order to better understand why
women are reporting higher levels of stigma consciousness and negative feelings during testing.
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MANUSCRIPT 3: UNDERSTANDING STEREOTYPE THREAT FOR WOMEN IN
ENGINEERING
Introduction
Women in engineering have been shown to have lowered self-efficacy (Raelin et al,
2014), sense of belonging (Good et al, 2012), and satisfaction (Amelink & Creamer, 2010).
While studies have shown repeatedly that women suffer from these various forms of lowered
motivation in engineering, researchers have yet to be able to explain fully why this phenomena is
occurring. One potential reason that women may have less motivation to enter and be retained in
engineering could be stereotype threat which is the fear of fulfilling a negative stereotype of a
group that one belongs to.
Stereotype threat is a construct founded in the 1990s by Steele and Aronson which
demonstrated how stigmas can interrupt the performance of minority students (Steele &
Aronson, 1995). Negative stereotypes about a group that one belongs to can impact working
memory (Beilock, 2007) by causing a disruptive mental load (Croizet, 2004). Stereotype threat is
especially prevalent for women in engineering and can be easily brought on through solo-status
(Sekaquaptewa & Thompson, 2003). Stereotype threat, however, can only occur within cultures
where negative stereotypes about certain individuals exist and the individuals are aware of these
stereotypes within a situation. Because of this, the application of stereotype threat has moved
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beyond performance investigations and become a way to understand how the culture of a
program may impact minority students (Jones et al, 2013; Paretti & Smith, 2013).
In my prior research (Manuscript 2), I utilized a previously validated survey instrument to
investigate how stereotype threat may be present within a college of engineering in the rural
south, and which populations are most impacted by stereotype threat. I found that women in
undergraduate engineering experience significantly higher levels of stereotype threat in
comparison to men, despite the fact that the number of women enrolling in engineering is
steadily increasing. In fact, of the six constructs in the Social Identities and Attitudes Scale
developed to measure stereotype threat, women came back significant higher for four: gender
identities, gender stigma consciousness, ethnic stigma consciousness, and negative affect.
Purpose
The purpose of this qualitative study is to understand why women experience
significantly higher stereotype threat than men in engineering. Specifically, I sought to answer:
1) How are women exposed to stigmas in engineering? 2) Why do women experience
significantly more negative affect than men? 3) Why was ethnic stigma consciousness significant
for women? 4) What are some ways that women mitigate stereotype threat?
Methods
Focus Groups
I utilized a semi-structured focus group protocol in order to collect data. Focus groups are
especially useful when studying minority groups as they allow the participants to form a
common identity and drive the conversation while the moderator only acts to guide the
conversation (Merton, 1956). Focus groups have been used as a form of qualitative data
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collection since the 1930s in social sciences (Krueger & Casey, 2009) and have been used to
study minority retention programs in the past (Aken, Watford, & Medina‐Borja, 1999;
Solorzano, 1996). The focus group protocol was developed based on the results from Manuscript
2 and was broken into four parts: 1) establish repertoire and collect background data 2) explore
knowledge of gender stigmas 3) investigate negative feelings during testing 4) investigation of
ethnic stigmas associated with women. The protocol was initially piloted in a research group
meeting where feedback from used to improve question phrasing prior to conducting the focus
groups. The protocol in its entirety can be found within the Appendix; note that, due to the semistructured nature of the focus groups, not all questions were asked every time and some
questions were added during the meetings themselves.
Recruitment and Participants
The first round of participants were recruited from the results of the SIAS survey, which
contained a final segment where participants could consent to being contacted for further
interviews/studies. The respondents to this part of the survey were sorted into race and gender
categories. Because the study only showed significance stereotype threat for women and not for
men nor for the interaction of race and gender, I decided to conduct focus groups involving only
women. However, due to the section on ethnic stigma being significant for women, I divided the
focus groups into white women and women of color so that the participants could more easily
share their experiences with ethnic stigmas. The participants were incentivized with pizza and
drinks being offered. Despite the incentive and several reminder emails participation was low.
The number of women recruited, how many responded to confirm a time, and the number that
came to the focus group can be found in Table 9.
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Table 9

First round of recruitment for women focus groups
Number Recruited

White Women

23

Number of
Responses
8

Women of Color

9

6

Number Attended

2

3

After the first two focus groups had low participation, I decided to recruit from diversity
and women’s groups on campus. I contacted the Society of Women Engineers, the National
Society of Women Engineers, the Society of Hispanic Professional Engineers, Women in
Computing, and the Mechanical Engineering Ladies Organization with a link to a google
document that asked for their consent, gender, race, and email address to contact. This
recruitment cycle had 8 respondents of various races, but in order to have an effective focus
group, all were asked to attend one agreed upon time. Unfortunately, only one recruited
participant attended the focus group which resulted in the shortest recorded session (50 minutes).
After recruitment issues, I decided to attempt one more focus group inviting all of the
women whose email addresses I had received via the quantitative survey or the google document
to a final time. The participants were again incentivized using pizza and drinks, but only two
participants attended the focus group. Due to the number of times each group was contacted, my
advisor and I agreed that to contact them more would be unethical. Thus, I finalized recruitment.
The number of participants in each group varied from 1 to 4, and I conducted 4 focus groups
total. Participant details are listed in Table 10.
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Table 10

Focus group participation

Focus Group Number

Pseudonyms

Race

Patricia

African-American/Black

Katie

Mixed Race

Hayley

White/Caucasian

Michelle

White/Caucasian

Karen

White/Caucasian

Amanda

Asian

Mackenzie

Mixed

Brittany

African-American/Black

1

2

3
4

Limitations
This study is limited due to the lack of participation. While Krueger and Casey (2009)
recommend focus groups have an attendance of 6-10 members, I had an attendance of 1-4
members. However, even though the number of participants was low, we were able to collect
sufficient data due to the length of the focus groups where research recommends anywhere from
30 minutes to 2.5 hours and the majority of my focus groups lasted 60 to 90 minutes
(Introduction to conducting focus groups. [electronic resource]., 2009). Another limitation was
that all of the white/Caucasian participants came from Civil and Environmental Engineering
(CEE) which happened purely by coincidence. During the focus group, it was revealed that CEE
has made departmental changes in order to make women feel more comfortable within their
major, and the change in CEE female enrollment from 12.6% in 2009 to 24.3% in 2017 reflects
those changes (Office of Institutional Research and Effectiveness, 2017). Therefore, the data
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collected Focus Group 2 was substantially different from the focus groups which had participants
from majors that have not had as substantial of a change.
Qualitative Coding Procedures
The focus groups were audio recorded in their entirety and transcribed using an online
transcription service. The data was uploaded into MaxQDA and coded a priori by me. Since the
focus groups were designed to enhance understanding of the results of the quantitative study
shown in Manuscript 2, the focus group protocol was developed to probe into specific constructs
and ideas. Therefore, the themes of the data relate back to the constructs developed within the
SIAS instrument, and the main themes are 1) Stereotypes about Engineering 2) Stigmas and
Experiences 3) Negative Affect 4) How Women Mitigate Stereotypes and 5) Proposed Solutions.
While the protocol did have gender and ethnic stigmas separated, when recounting their
experiences, the women of color would attribute stigmas to both their race and gender. Thus,
gender and ethnic stigmas could not be separated during the coding process. The themes and the
categories that emerged for each theme appear in Table 11.
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Table 11

Themes and Categories Established in Focus Groups

Themes

Categories
Male Dominated

Stereotypes about Engineering
Lack Social Skills
Solo-Status
Peers and Group Projects
Stigmas and Experiences
Ethnic Stigmas
Fear of Failure

Negative Affect

Previous Experience and Talent
Determination and Leadership
How Women Mitigate Stereotype Threat
Community
Shatter the Stereotypes
Inclusivity Training
Proposed Solutions by the Participants
Improvement in Equality

Results and Discussion
Stereotypes about Engineering
Before I could ascertain how stereotypes impacted the participants, I first had to explore
knowledge on what stereotypes about engineering the participants were aware of. Therefore,
early in the focus group protocol, I asked the participants to detail any stereotypes they may have
heard about engineering prior to their enrollment. The two primary stereotypes about the
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engineering field specifically that emerged were that 1) it is male-dominated and 2) engineers
lack social skills.
Male Dominated
The first stereotype that commonly occurred was an acknowledgement that engineering is
heavily male dominated.
Michelle: A big stereotype is typically men in engineeringHayley: Especially civil engineering.
Michelle: (affirmatively) especially civil engineering
In another focus group, Patricia affirmed that not only is engineering male dominated, but it is
white male dominated, which was particularly important to her as a woman of color.
Patricia: Also heard, but I mean it's kind of like true, it's a white male dominated field,
especially in mechanical engineering. Like I was previously stating when we were
talking, I'm the only person in my class, I'm the only black female in my class. And almost
every class I've ever taken I may have seen five or six females over the entire four years,
regardless of what class I was in, physics, calculus, whatever
In the third focus group, Amanda also related that engineering is stereotypically masculine, but
she did this by discussing the jobs that people typically relate to engineers.
Amanda: Oh yeah. Engineers are all about cars. That's what I've heard. Growing up like,
"oh you want to work at Toyota?" Toyota, they had recently built a plant near where I
lived. They're like "oh you want to work for Toyota?" I'm like "no, I don't really ...
engines aren't my thing." I didn't grow up building engines with my dad or anything like
that. But that's all the boys do, right? They grow up with their dads, they go into
mechanical engineering thinking that's a mechanics job, right?
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All four of the focus groups contained responses related to the masculine nature of
engineering when asked to dictate common engineering stereotypes. These responses allow
insight into one of the first barriers that women must overcome in order to enroll in engineering:
the idea that they do not fit the mold.
Lack Social Skills
The second stereotype that emerged is that engineers are usually anti-social or lack
communication skills.
Patricia: I've also heard if you weren't kinda like anti-social and took stuff apart as a
child, that's what most engineers are thought to have been
Brittany, in another focus group, confirmed this stereotype
Brittany: [They/Engineers] don't know how to communicate with real people in the real
world. They don't have lives outside of engineering and yeah
Katie even discussed her need for social interaction and how stereotypes about engineering
would cause others to be surprised by that fact.
Katie: I need social interaction. I need ... And then when you tell people what's your
major, engineering. Oh my goodness and you're really nice and you can talk to people.
The number of times I've heard that is crazy. Are you actually ... You're really good.
You're fun to be around.
And later in the focus group, Brittany elaborated that she believed this stereotype to be a barrier
for many women and minorities to come into engineering
Brittany: I think engineers, it may be hard, but we got to put ourselves in different ... I
don't want to say markets because I don't know why I'm thinking markets, but in different
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spaces where it's non engineers so they can be like oh, engineering can be a black girl
who likes to go out with her friends on the weekend and still does X, Y, Z.
The depiction of engineers as individuals who lack the ability to communicate and socialize acts
as a barrier to individuals who have highly social identities. The participants cited the lack of
social skills in engineering as one reason that they believed women and minority women tend to
enroll in engineering at lower rates.
Stigmas and Experiences
After exploring the stereotypes surrounding engineering as a field, I then began to ask
questions regarding stigmas surrounding women and minorities in engineering. The participants’
stigma-related experiences appeared in three different manners: 1) solo-status 2) peers and group
projects and 3) ethnic stigmas.
Solo-Status
Solo-status is defined as the experience of being the only member of a community (i.e.
women, African-American, Asian, etc.) present within a group. I asked the participants to detail
their experiences as women in engineering. I specifically asked them for instances that they
believed their gender and/or race impacted how they interacted with their
peers/professors/professionals in engineering, many of the participants told of their experiences
with solo-status, or being the only woman in the classroom.
Amanda: I think when I first started college, yes. I think now I'm just too used to it to
really be like, "oh, I'm the only girl in this class." I think when I first started I was like,
"oh man there are only like three of us in here." Gotta pair up, right ... and be in a group

80

with just the girls. But I think growing in college, I'm like, "eh, it's whatever." I guess it's
something I'm used to now, right? So, I don't notice it as much.
Patricia, originally could not think of specific instances of sexism or racism, but she felt that her
presence in engineering was questioned more often than her peers and she brought up the
pressure of solo-status.
Patricia: And I mean, I don't think I've ever had anyone say any like snide remark like,
"You shouldn't be an engineer," but like I said, it's definitely a culture thing. You walk
into a room, or you're in a group ... I've been in groups before and I felt like the dudes
were treating me differently, just because I didn't know something that they maybe ... it's
just innate to them to know about. So, it's not necessarily saying you can't be an engineer,
it's sometimes the way people make you feel like, "Wait? You're studying mechanical
engineering? Like what are you a freshman or something?" Like, "No, I've been in this
program four years, I made it just like you.
Katie, in the same focus group, also brought up being the only woman in the class
Katie: Yeah. I find that it's like more about when it's like in the classroom, it's more like
in the social context. Like so, like the people in my program lab, it's a small class and
most of the guys know each other in there. I'm the only girl in there. And especially the
only African-American female in there
Brittany, in another focus group also related how lonely it was to be both a woman and a
minority in engineering.
Brittany: I remember being a freshmen, you really don't know anything, you just walking
in. There's people everywhere. You're lucky you found your class and the classroom. You
take a deep breath and then you walk in and it's like oh yeah, I gotta be on my P's and
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Q's because there's ... Sometimes you feel really alone because there's nobody in there
that looks like you, and you don't have experiences to compare. I can talk to my friends
that are girls in engineering about what it is to be a girl in engineering and I can talk to
my black male friends too that were in the class with me about what it's like being a black
person in engineering. But I'm the only black girl where those experiences intersect.
There's no one in that class my first semester that really understood how hard it was
sometimes to be in that position.
Solo-status has previously been linked to stereotype threat as it can cause undue stress
and impact performance and self-efficacy (Sekaquaptewa, Denise & Mischa Thompson, 2003).
By simply being faced with being “one of the few” women in the classroom, these students
became aware of their solo-status, and despite them claiming to “get used to it,” this could help
explain why stereotype threat is more significant for women in engineering.
Peers and Group Projects
The participants, when asked where they believe stigmas and stereotypes emerged in
their experiences, mostly detailed how they believed that the majority of stigma experiences
came from their peers.
Michelle: I've found it's not really the case with my professors, they wouldn't stigmatize
us, it's more so, if it ever happens, it would be other students.
Amanda, when asked about stereotypes about women in engineering, went on to address how her
peers would pressure her via her choices of attire.
Danielle: What are some existing stereotypes that you've encountered about women in
engineering.
Amanda: So on the attire side, I've been told I always need to wear a skirt.
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Danielle: What?
Amanda: And high heels. And makeup. Full faced makeup. That's what I've heard about
what I need to do to succeed in engineering.
Danielle: Can I ask where you heard that?
Amanda: Mostly from people in the basement, that sounds weird, but like, in the student
lounge. It's something that is sometimes joked about but then other people are actually
serious about it.
Danielle: So it's mostly from other peers?
Amanda: Yeah, just from other people just chillin' talkin' about stuff.”
Patricia also affirmed that she did not believe that the issues with stigmas came from neither
professors nor administration.
Patricia: I would say MSU we don't have a problem from a teacher and administration
point of being treated differently, but sometimes you have to be strong in yourself. Like if
you're in a group and all the guys are like ganging up on you or won't talk to you or
telling you, "Hey, you can do the writing part," because I've had people do that before.
The women in these focus groups also often related that they believed their gender made their
peers see them differently, to the point that it can be difficult to communicate.
Patricia: When I was younger, when I was a freshman and sophomore, I would try to talk
to them and engage with them, and they were like ... I was like, "It's like they don't like
girls." Like if a dude tries to talk to them, they're fine, they're talking, chitchatting. And
then I ask a question and it's just like ...
Katie: Yeah. Like literallyPatricia: Do you speak English?
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Katie: Literally only the guys who are in my major that went to my high school are like
the only ones that I actually can have a conversation with where they won't just be like,
"Oh, okay." And then nod their head and leave me alone.
Problems with their peers seemed to mostly emerge during group projects, as detailed by
Patricia.
Patricia: I can only speak for myself. Just in group settings, like I've said, it's always if
it's four or five dudes, I'm always going to be the only girl in every group I've ever been
in. I mean, I'm used to it now, but it's always a vibe at least one guy gives out. Which I
mean, I could be totally making this up in my head, but I mean it could be true. It's just
something about him, he doesn't support anything I say. Everyone else in the group could
completely agree or we can like hash it out, and there's always one guy who just seems
like he doesn't like feel comfortable around me. Like he doesn't want to support my ideas,
he kinda downs me and that's like I said, I've definitely said something before because I
want to always speak up for myself. And I mean, we can laugh and joke, but I mean, at
some point you're not going to be disrespectful to me. And you're not gonna treat me like
I'm stupid just because I don't understand that, but I may understand a hundred other
things that you don't. So, I can only speak for that.
Katie related having a similar experience in a group project where her partner would not allow
her equal access to the program they were working on
Katie: I would just like, I'd take my phone and like to the code in the bathroom and send
it, email it to myself and then come back and like copy and paste it into the compiler and
be like, "Hey, I already did this," because he would not let me like get to his computer
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which is like what we would turn it in on. And like actually physically type anything out,
so yeah.
Amanda, in a separate focus group, had similar experiences within group projects.
Amanda: I don't know, so I think it was freshman year when I was in this group, I
realized I was the only female. I was the only non-white person in my group. And I felt
like, a lot of the times, they would be more dominant with me, I guess. I don't know if
that's the right word to do or say. With me than with the other team members. Shaking
hands was a big, "I'm going to grip you really hard for some reasons. Like, I'm going to
try to break your hand I don't know why." Which is dumb.
When asked how she operates within group projects, Brittany discussed how she believe that not
only her gender, but her race impacts how students treat her.
Brittany: For me, I think it's just ... Also being a black person and a woman, like when I
walk into the room, I feel like I have to understand that people are just gonna view me
differently. First of all, I've met one other black girl in the same major as me my entire
time here. And so, you're walk into the room, you're different so you have to wait it out
like she said, like see what they're gonna do and then sometimes you can't voice your
ideas. You can't be like ... Okay guys, can we get to work? You just gotta grab your own
toy and get to work. Make your own statement and say I'm here, I know what I'm doing,
can we get with the program because you can't really voice that because a lot of times
you'll just be ignored.
Danielle: Yeah. I was gonna ask why, but you added. Yeah, is there any other reasons
like you feel like you can't ... Do you ever feel like you can't voice it?
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Brittany: Yeah, sometimes I feel like I can't. I was like just 'cause ... Like she said, they're
gonna ignore you because a lot of times they're just gonna do whatever they want to do.
Brittany showed that because other students often shrug off her ideas, she tends to not voice her
opinions as often and instead simply do the work and discuss with her peers later when she has
already proven her abilities. Her decision to take a backseat in discussions was in direct
opposition to Patricia who strongly stated that she would make her voice be heard. However,
both of these mechanisms can be seen as ways to mitigate the threats apparent within groups
because they are both finding ways in which to function. Further details on how to mitigate
stereotype threat can be found in the section “how women mitigate stereotype threat.”
In contrast to these experiences, however, the focus group with the women from CEE
expressed having relatively few problems with groups. Part of the reason for this may be that
their major has undergone great efforts to recruit and retain more women. When asked about
group projects, they brought up how groups are intentionally split up so that there are a few
women per team.
Michelle: One of two is very common. I am roommates with another civil engineering
student, so she and I are usually able to try to get people to work together, and make sure
it's not just me and a bunch of guys that I don't know as well, or just a bunch of guys that
I do know well. Usually I'm one in two of six, six or so is normally what we have
Hayley: I know in surveying we had a group of five, and there were two girls and three
guys, so that's pretty balanced. I'll say in general that there's probably, or at least one of
my civil engineering friends who’s also a female says there's three groups of women in
our semester, or group, and everyone else is random guys. Pretty much. I have my two or
three good civil engineering female friends, that we always study together. So personally
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I haven't had that problem, but I have seen other groups of civil engineers only having
one or two girls studying with them, and six guys. I just group together with my friends.
Karen: Since last semester I had a lab in which I was the only girl in the group, I ended
up working with them a lot. Then I had another lab that there was one other girl, so that
was nice. But that was maybe five or six each.
I then asked if they had any groups in which they were a minority student and how those groups
worked for them, to which they replied
Hayley: No. It makes it easier for me to be in charge, 'cause they don't want to question
it.
Michelle: Why is it sad that that's true?
Danielle: Do you all take on leadership positions more often?
Hayley: Yeah.
Karen: I have once or twice.
The desire to take on a leadership position appeared in other focus groups as well, which is
addressed in the section “how women mitigate stereotype threat,” but preferring solo-status was
unique to this group. Due to this group containing the only white women and them all being from
the same major, I cannot determine if the discrepancy is due to a culture change within the CEE
department or due to differences in race.
Ethnic Stigmas
Separating ethnic and gender stigmas was difficult during the analysis of this data as the
women of color would often relate their stigmatized experiences as being related to both their
race and gender. The challenge of separating ethnic and gendered stigmas is illustrated by this
statement from Brittany;
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Brittany: For me, I think it's just ... Also being a black person and a woman, like when I
walk into the room, I feel like I have to understand that people are just gonna view me
differently
Brittany talks about being a black person and a women simultaneously. Brittany also discussed a
time where another woman in engineering stigmatized her due to her race.
Brittany: And so my lab partner is another girl, she was white. She was another girl. And
so throughout the first couple of labs, she always assumed that I didn't know what I was
doing, and it irked me to high heavens. She would just ... I would have something done, I
would say, "This is what we need to do next." What does she do? She goes back and she
reads through the thing just to double check, just in case she wasn't sure that I didn't
know what I was talking about. I say, oh, I've got the post lab done if you want to just
look at mine and kind of go off of that. She would always do it on her own. And it wasn't
... I had to tell her some of the things, some of the scholarships I had gotten. I literally
had to tell her ... We had to talk about some of the grades I had gotten in some other
classes for her to understand that yes, I know what I'm talking about. You can listen to
me and I felt like that was very racially motivated.
Patricia, who was in a separate group, disagreed and believed the problems were more tied to
gender than to race.
Patricia: I don't think anyone has ever ... I think it's more gender than it is racial. I mean,
because those undertones I feel like they're more gender based than they are racially
based, but I don't know.
But she still believed there to be issues tied to race when asked if she believed her ethnicity
impacted how other people treated her, and Katie agreed.
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Danielle: So, have you ever had experiences where you felt like your ethnicity was
impacting how other people in engineering treat you?
Patricia: Me, for sure. If you're literally one out of a hundred, literally. I mean, how can
they not treat you differently, even if it's not negatively treating you differently.
Katie: Yeah. I find that it's like more about when it's like in the classroom, it's more like
in the social context. Like so, like the people in my program lab, it's a small class and
most of the guys know each other in there. I'm the only girl in there. And especially the
only African-American female in there.
After analyzing this data, it appears that women of color suffer not only from solo-status for
being a women but also from being a minority. As Brittany detailed,
Brittany: Sometimes you feel really alone because there's nobody in there that looks like
you, and you don't have experiences to compare. I can talk to my friends that are girls in
engineering about what it is to be a girl in engineering and I can talk to my black male
friends too that were in the class with me about what it's like being a black person in
engineering. But I'm the only black girl where those experiences intersect. There's no one
in that class my first semester that really understood how hard it was sometimes to be in
that position.
Because women of color become so aware of not only their gender but their race when
interacting with their peers and being in an engineering classroom, this could help to explain why
Ethnic Stigma Consciousness was significant for women only.
Negative Affect
In the results of the SIAS instrument, I also found that women experience significantly
higher levels of negative affect. Negative affect is a label given to negative feelings experienced
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during testing. Therefore, a portion of the focus group protocol was dedicated to better
understanding why women experience higher levels of stress during testing.
Fears of Failure
During the focus groups, I asked the participants to discuss how they believed women
and men handled hard tests or failures differently, and they often discussed how women fear
failure more often. This point was illustrated when Hayley, Michelle, and Karen said the
following:
Hayley: they just say, "I'm not worried about it." I feel like they have a sense of security,
they have something to fall back on, maybe. So they're not as worried about it. Whereas I
know some of my female friends, they're like, "I gotta do better. I gotta keep these
scholarships." Maybe we're more aware of the potentials that can go wrong, so we know
the risks and we want to avoid that. And the guys ... I don't know if aware is the right
word, but they don't seem as concerned.
Karen: I have not. But I think most of my guy friends in civil engineering are more
concerned with grades than some others, so-Hayley:
Michelle:

That could also be true.

I'm the type of person, I won't let myself freak out about a test. If it went

well, it went well, and if it didn't, it didn't. I'm going to do better next time. But I've
definitely seen, when comparing my guy friends and my girl friends, my guy friends are
typically more laid back whenever it comes to ... It's like, "Okay, I didn't do that well. Not
a big deal." But some of my girl friends they beat themselves up about it more so. I have
one friend in particular, she stresses out about everything. And she also beats herself up,
even when it's not her fault. She even got a test pushed back today for a very valid
reason. But she was like, right before hand, like, "I'm not going to do well on this. What
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am I going to do?" And then she talked to the professor, and the professor was like, "You
have every reason to push this back. Just push it back." I've definitely seen that to be the
case. Then after the tests I've heard, I typically hear some of my girl friends complain
more, like, "Oh, I should've studied for that more." And then the guys kind of drop it.
This was not the first time that Hayley had echoed the idea that men in engineering did not have
to work as hard due to family connections.
Hayley: So they don't care as much, 'cause their future's planned for them. Where, I'd
say, in general I only know one girl whose parent has civil engineering, so for us it's
something we care about. We're here 'cause we want to be, not just 'cause our future's
planned out for us.
While Hayley was the only one to have the sentiment that men may not care as much due to
family connections, the idea that men take failure more easily was echoed within other focus
groups. For instance, Amanda discussed how men and women view failure differently.
Danielle: Same. Lots of times. But have you noticed a difference in how the guys respond
to absolutely failing versus how you or other girls you talk to respond to the same
failure?
Amanda: Yeah. So the guys I've seen that have absolutely failed, it happened recently.
The teacher handed it back to him and was like, "you'll do better next time." And he's just
like, "ugh. Okay. I'm just going to study for the next one, I guess." But when I failed a
test. Man I remember back in, this is the one that haunts me. I made like a 54 or
something on it. It's bad because I can't remember what grade I made on it now, but I
absolutely flunked that test and I cried. Hard. Not going to lie. That was a really stressful
week for me. My boyfriend at the time didn't understand it. He's like, "so what, you
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failed." I'm like, "so what I failed? I failed." This is where it comes back to, am I cut out
to be an engineer if I failed this test?
Brittany also discussed her fear of failure, but she connected it to her identity as a black woman
in engineering.
Brittany: It's kind of hard for me to think about it. If I do this, if it's along the gender line
things or if it's more of a race thing because for me, my wanting not to fail has a lot more
to do with me being black than it does for me being a woman. Don't get me wrong, being
a woman plays into it, but me not wanting to fail is more of a thing. I don't want to fall
into a negative stereotypes being a black person is not so much as I don't want to be a
woman and fail.
The connected nature of fear of failure and fear of fulfilling negative stereotypes came
through most strongly in the section of the focus groups dedicated to negative affect. Every focus
group had at least one participant who affirmed that they believed that men feared failure less
than women in engineering and that these feelings cause them to have increased stress. This
increased need to prove themselves even impacts their ability to ask for help, as discussed by
Katie.
Katie: Well, for me it's kind of ... I don't know, I get really stressed out when I can't
figure out like a problem. And then, when I go to ask for help, I try to go to like my
teacher or someone like a grad student or something like that, but sometimes I can't do
that and then I have to ask like one of my classmates, and that's where it starts to get kind
of not good. Because they'll be like, "Oh, this was so easy." And I'll be like, "Yeah, ha-ha,
it was easy, but it wasn't easy for me."And so, it's harder to kind of ask them questions
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about it because I feel embarrassed, especially because I already feel like I'm not ... I
don't know, probably like I don't know as much as them already
After these focus groups, it became clear that negative affect is stronger in women in
engineering due to their perceived need to prove their placement within engineering. These
strong fears of failure and need to perform at least equivalently to their peers at all times can
cause stress and lowered motivation to continue and be impacting student retention. How women
deal with the negative feelings from negative affect will be addressed in the next section.
How Women Mitigate Stereotype Threat
In addition to asking them about their experiences with stereotype threat, I also would ask
the participants to detail how they dealt with stigmatizing experiences. The ways in which
women mitigated stereotype threat appeared in three different categories: 1) previous
experiences and talents 2) determination and leadership and 3) community.
Previous Experiences and Talent
A common theme that emerged in the data was previously-formed identities in
engineering. Karen, for instance, took a class in instruction which introduced her to a mentor that
advised to try engineering.
Karen: I really like math, and at some point in high school I took a construction class,
that my school offered, and my teacher knew I was interested in math and science, so he
suggested engineering. So I did some research, and civil engineering sounded helpful and
interesting
Other participants, such as Katie, discussed having a natural talent that drew them into
engineering.
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Katie: I sort of thought I was going to do something like law or like journalism or
something like that, because I like to like write. But when I got to let's say 11th grade, I
saw that I was a little better at the math and the science, and there were classes at my
high school that were like intro to engineering and robotics and programming. So, I just
took those classes on a whim, and then I got more and more into it. And then I was set to
study engineering in college.
While acknowledging her math and science ability prompted Katie to pursue engineering, a
passion for computing drew Mackenzie into engineering.
Mackenzie: I went into engineering because I got my first computer at seven. And ever
since then, I've loved doing stuff. I would just sit on it all day. Like I didn't learn how to
program until I got here, but I was always doing stuff with my computer and things like
that.
The impact of previously established identities in engineering was discussed in Manuscript 1 of
this dissertation. However, these codes emerging in the focus groups allowed me to better
understand to what degree having a previous experience in engineering related topics can
contribute to the formation of an engineering identity and increase motivation.
Determination and Leadership
Many of the women in this study expressed the need to have greater determination than
their peers and often displayed this through taking on more leadership roles. Determination
especially became prevalent when discussing how to dispel negative feelings after difficult
engineering tasks. For instance, after Brittany stated that teachers prefer how “hungry” female
students are to succeed, I asked Brittany and Mackenzie to clarify the meaning of hungry.
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Danielle: Why do y'all think women are “more hungry,” let's say in engineering, why do
you think they're more determined?
Mackenzie: Just because they know it's gonna be an uphill battle. Want it more.
Brittany: Not trying ... I mean, if you have to fight for something, you obviously have to
want it more to put yourself in that position. So I guess, women, you fighting the norms
everyday just going to class, making A's and B's when everybody else is failing. You feel
like you have to keep fighting for it. So you're gonna stick with it. Like I'd be darned if I
fought this hard to get this far and then I just gave up.
The women in CEE were asked about personality traits that they think are important for women
in engineering and responded that they believed determination to be a great asset.
Hayley: I guess if they're in it, they're gonna do it. They're not doing it as a backup or
just to get a degree. They're doing it because they're actually gonna get a career at this.
Michelle: It's almost like they chose this more than a guy might've.
Hayley: A guy just going to college to get a degree 'cause their parents want them to.
Michelle: Whatever that reason may be.
Hayley: If we're gonna do it, we're gonna do it.
Michelle: Determined would be a good word.
Another way that the women discussed working harder than their peers was through
taking on leadership positions. For instance, when asked if she ever took on a specific role in
group projects, Patricia responded:
Patricia: It's typically the same role. Like my first three years here really I was always
the leader. Responsible for coordinating events, speaking with the professor, writing
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emails, whatever. And that's just because they didn't sign up and we need somebody. So,
we need somebody to lead the group so I just kind of naturally fell into the position.
And Katie affirmed this in her own experience
Katie: Yeah. I find myself more as like the coordination kind of role. Like I'll help
delegate tasks and sort of like polish off like whatever project we're working on. Like I
like to ... I'm pretty thorough like when I go back and check things and all that. So, I like
those sort of roles more, but I'm not ... I'm trying to like get out of that so that I can like
do different things in the group.
In fact, the women in CEE all spoke in detail about how the majority of their student groups in
their major were lead by women despite the fact that the department, as of Fall 2018, was only
20% (Office of Institutional Research and Effectiveness, 2018).
Danielle: Do you all take on leadership positions more often?
Hayley: Yeah.
Karen: I have once or twice.
Hayley: The guys are hard to work with if you're nor working with them, soMichelle: I think of all of my labs that I've had throughout state there have been two, and
one of them was when I was in last semester, and one I'm in this semester, where it's been
either even split of girls and guys, or more girls than guys. In both of those situations I've
been in ... the women have definitely led the charge of organizing things, and the guys are
like, "Oh, we're fine to do whatever." I think we prefer to have things setup, ready and go
When asked to explain why this might be occurring, Michelle explained
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Michelle: Sometimes I feel like you almost have to prove yourself that much more. I also
like to make sure that everything gets done. I'm that really annoying person in groupings.
I'm like, "Hey, have we done this, this, this and this?"
However, Brittany and Mackenzie in the final focus group both stated that they work
through group projects differently than the other participants. Instead of taking a leadership role,
they both would wait and see how the group would operate before giving their opinions, but they
also emphasized that they would often go ahead and begin working on the project without
discussing with the group.
Brittany: I always wait and just listen to see what's gonna happen. For the one we're in
right now, they were acting a mess, the boys for our project of toy adaptions. So like the
first day, they were goofing around. So the guys were goofing around and stuff, and I was
like, I did not just get pulled out of lecture just to come up here and play around. So, me
and two other girls grabbed one of the toys.
Mackenzie: Yes.
Brittany: Right. We were like we've got to work. And then right after we were done with
everything, they all come over, they're like what? Oh my goodness. You finished one?
How did you do that? We got to work, that's what happened.
The group discussion illustrates how women in engineering preserve themselves during group
projects by becoming more determined. While that determination often appears in the form of
becoming a leader, for the participants who felt less comfortable with a leadership position, they
would still find a way to operate in the group by proving their capabilities and working
regardless of the other members.
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Community
Another way that women preserved their identities in engineering was through joining
groups on campus and forming their own communities. Patricia discussed how having a
professional organization “full of people who look like you” could increase motivation
Patricia: Like some years I've been in NSBE just depending on my schedule, and I mean
they're a whole national professional org so it's a little different than that, but just seeing
a room full of people who look like you, even though they're not in my major, it's
something almost powerful about it that kind of like gives you a little more motivation.
Like, "Hey, I can finish it out because they did it," and "they look like me," or not to say
you can't look at someone else who doesn't look like you and get motivation from them,
but I don't know how to explain it. It's kinda just like there's a community behind you. I
guess that's the best way. It's a community behind you, fully supporting you, helping you
graduate and with any other problems that you have.
Katie echoed the sentiment
Katie: And we like get here, like join things, groups that have like a lot of women in it,
like what is it? The Society of Women Engineers, like yeah, join things like that so you're
around people with like a like mind, because when you're just like by yourself it's easy to
just start to question yourself and be like, "Oh, do I really want to do this?" Or even
though you were sure when you came in, so.
The CEE women noted their department pushing more of the women into groups in order to help
increase their diversity.
Michelle: I don't know if it would count as being treated differently but I definitely see, in
our major, there are more females involved than males……I don't know if that's because
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of us in particular or if it's because of professors choosing. I have no idea what the ... but
it's definitely I've noticed. Our department head wanted to increase diversity and making
sure that people were doing what they were supposed
And Amanda, in a different focus group, believed that one of the keys to future success with
women and minorities in engineering is to better advertise diverse groups on campus.
Danielle: What about on this campus? Is there anything culture-wise that you think we
struggle with?
Amanda: I think there's not enough advertisement for the different organizations we have
that offer diversity.
Joining groups has already been previously tied to increased motivation for students by helping
them form a solid identity in a field (Godwin, Potvin, Hazari, & Lock, 2016). As the discussions
here demonstrated, women often use groups to offset lack of belonging and to help situate
themselves within engineering.
Proposed Solutions by the Participants
During the focus groups, I would also ask the participants to postulate ways to increase
diversity and inclusivity in engineering. These questions would often revolve around changes
that they would personally like to see being made in engineering. Their solutions were broken
down into three different categories: 1) shatter the stereotypes 2) inclusivity training and 3)
improvement in equality.
Shatter the Stereotypes
During the focus groups, I also asked the participants to speculate ways in which to
improve engineering for women and minorities. One of the common responses was that the
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stereotypes about engineers regarding their ability to socialize acts as a barrier for entry. Brittany
even believed that advertising that there are “fun” individuals in engineering could increase
recruitment.
Brittany: It may be hard, but we got to put ourselves in different ... spaces where it's non
engineers so they can be like oh, engineering can be a black girl who likes to go out with
her friends on the weekend and still does X, Y, Z. Or an engineer is a woman who can
still be very feminine or things like that…..I wish we didn't have all the negative
stereotypes surrounding engineer because that turns away a lot of black girls I know
because it's very hard when you're not that. I don't play video games all day. I like to go
to parties. I'm not your stereotypical engineer. I wish people could see more of the nonstereotypical engineers. But most of the time when people meet engineers ... A lot of the
engineers I have met on campus have fallen into some sort of ... I won't say a lot, but a
good number of 'em fall into those stereotypes, but I want people to see more of the nonstereotypical engineers and I think that would help a lot with recruiting women and
recruiting minority students into engineering.
In a separate focus group, Patricia and Katie went onto elaborate how stereotypes about
engineers directly impact her ability to participate within the classroom. Because engineers are
expected to have had experience with cars or engines prior to their major, there were times that
she felt excluded from the classroom experience due to a lack of experience.
Patricia: I've also heard if you weren't kinda like anti-social and took stuff apart as a
child, that's what most engineers are thought to have been. And that was hard coming in
for me. I didn't have prior experience in that, like I don't have prior experience with
taking apart vehicles, and sometimes my teachers will just mention something, like they'll
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just say a cam or something, and that means nothing to me because you're talking to a
group, majority of boys, so they might have grown up taking apart cars or doing this type
of stuff, and you just automatically associate, "Hey, they must know about this random
car part, just because they're a boy." Whereas, just because I'm a girl, I don't necessarily
know about it, but I mean, I don't think they do it intentionally, it's just kinda how the
culture is that they just assume everyone knows about it.
Katie: Yeah. And like, when I like thought of engineer I was like ... Like most of the
people who took those classes at my high school were white guys who were just, they
were all sort of in this ... Like they would go after class and talk about stuff that I was
like, "I have no clue what you're talking about."
These experiences show how preconceived ideas about what an engineer is can directly impact
students who maybe have not had the same experiences as other students. Therefore, teachers
should work hard to explain everything to their class and make no assumptions about prior
experience or they may accidentally distance some of their minority populations. Engineering
recruiters should also work to expand the definition of what an engineer looks like in order to
recruit a more diverse population.
Inclusivity Training
Patricia and Katie, in their focus group, believed that effective inclusivity training could
greatly impact women’s comfort in engineering. Patricia, in particular, believed that most of the
problems she had been exposed to were because other students were not aware of how to work
with diverse populations
Patricia: a lot of them aren't in clubs, like if you're not in organizations, you're not
around diverse people, how could you be? I mean, you have no experience with it,
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especially coming from these little small towns in Mississippi. You have no experience
with it, so it's ... maybe if we ... I don't know how they could ... if it was something builtin. Something built-in to the major that kind of made you be around a diverse crowd.
This type of training also seemed important to them because both Patricia and Katie had been
previously exposed to racist and sexist “jokes” by their peers.
Patricia: But I totally forgot some of the jokes that they have, you'll overhear it
sometimes or I'll be like, "That's not funny."
Katie: Yeah. It'll be like about womenPatricia: Oh, yeah.
Katie:... or about ... and I get that like that's like the kind of internet culture that they
thrive in, but you can't ... professionally you can't say that kind of stuff.
Patricia: Or even, it doesn't even have to be like a black joke that I perceive as racist. It
could be any kind of joke like anybody, any type of minority in any situation, I'm going to
always say something because you're ... just because you're a white male and you're the
90 percent population here and you're the majority population in the United States like I
don't care, that's wrong and I'm always gonna say something. So, they definitely have
their little jokes and if I know them well enough I'll say something. Or if we're working in
a group I'll definitely say something. But if I just hear it and I don't know them, I kind of
let this stuff roll of because you'll be here all day trying to fight stuff that you don't like,
so.
Katie: Yeah. It's just like, I feel like they should cover that kind of stuff in like the ethics
portion of those intro classes that even if you believe that, when you're working with
anybody you can't say those type of things because it's not professional, period.
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In order to move forward from negative stereotypes, the participants believed that we must first
assert that these stereotypes are inappropriate. Cultures change slowly, but by educating other
students on how to work with diverse populations and informing them that “jokes” that demean
their peers are not appropriate, we may be able to disrupt some level of stereotype threat that
women and minorities in engineering go through.
Improvement in Equality
There was one group in particular that stood out for having the fewest issues with stigmas
and stereotype threat, and that group was the CEE focus group. While I did not intend for all of
the white women who participated to come from one major and did not even collect major data
during this study, the experiences listed by them helped create an idea of how to change. Because
their major had already made large steps in improving equality, they discussed how engineering
for women seems to already be improving.
Michelle: I think the only other important thing I could add would be as more and more
people get involved, and as more and more voices are heard, things are getting better.
And as long as we keep that trend going, then we're doing a good job. Our department,
especially, has done a lot of things to try and make that be the case. And make sure that
people are involved and comfortable and able to have those conversations. And be
involved to the extent that a lot of us are
In fact, for this group, the main concern had to deal with going into the professional world and
potentially interacting with older generations who were not as well exposed to stereotypes.
Hayley: I am concerned about once I get out into the workplace, 'cause I know that still a
lot of older generation's doing the hiring. Once you're in the workplace, you're in the
workplace for 40 years. So by the time we get there, it's not gonna be the generation
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that's changed, it's still gonna be some 60 year old man whose ideas come from the '60s.
He's gonna have that kind of mentality. So if anything I'm worried about once I get into
the workplace. But I'd say in college it's almost a level playing field.
However, the participants maintained that by having successful women in engineering, they
believed that the stigmas and threats to identities will slowly disappear with time.
Findings
The data from these focus groups help us better understand how stereotype threat
operates within undergraduate engineering programs. Specifically, I utilized focus group data to
answer my three research questions:
1) How are women exposed to stigmas in engineering?
Women are exposed to stereotypes about engineering prior to their enrollment in the field.
The stereotypes surrounding engineering are primarily that it is white-male dominant and that
engineers themselves are typically anti-social. The idea of a “stereotypical engineer” acts as a
barrier for diverse populations who otherwise have the talents to succeed despite national efforts
to dispel these stereotypes (National Academies, 2008). Therefore, recruiters for engineering
should discuss how there is a work-life balance for engineering students and that people of all
personality types and backgrounds are welcome into the field in order to continue destroying the
idea of a stereotypical engineer. Also, there were points in these focus groups where the idea of
wanting to help people, similar to the theme in Manuscript 1, appeared. By expanding the
definition of engineering beyond just “math and science” and mechanics, recruiters may be able
to recruit more diverse populations.
2) Why do women experience more Negative Affect than men?
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In this study, the fear of failure related to negative affect came directly from stereotype threat
itself. These women cited fears of fulfilling negative stereotypes about women or minorities in
engineering by failing. In response to these fears, they developed coping mechanisms that
revolved around often becoming more determined. However, when they fail despite working
harder, failure is then taken harder by them than their male peers. These feelings are often further
cemented by their male peers sometimes questioning their abilities or belonging in engineering.
An actionable response to negative affect being higher in women would be to discuss
expectations about success with engineering students early in their degree programs. By openly
addressing that failure is expected to a degree and when failure should be a concern, professors
can help sooth women’s fears of failure. Also, the CEE participants in this study all cited less
feelings are negativity with failure but their involvement in on-campus groups maybe assists
with mitigating negative affect.
3) Why was Ethnic Stigma Consciousness significant for women?
The women of color in this study often could not tell whether stigmas they experienced were
related to their gender or their race. Rather, they would address how being a woman and a
minority in engineering would impact them. Because of the inability to separate these aspects of
their identities, this study shows how necessary it is to examine diversity data through an
intersectional lens. Their experiences as both a woman and a minority in engineering gave them
higher levels of solo-status where they could sometimes find it difficult to even communicate
with their peers.
The data for this section supports that research in the future needs to examine how the
experiences of women in engineering can often times be influenced by race. If researchers ignore
that ethnic stigmas are higher for women, then we will continue to struggle in recruiting women
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of color. Future recruiters should also focus on creating groups in which women of color can
meet and form a community in order to strengthen their feelings of belonging.
4) What are some ways that women mitigate stereotype threat?
Women in these focus groups mostly mitigated stereotype threat through previous
experiences and talent, determination and leadership, and community development. Many of
them came into college with some form of previous experience in engineering plus a love of
math and science. These established identities allowed them to form a sense of determination
that allowed them to maintain motivation, and oftentimes this determination became apparent
through their desire to take on leadership positions. They also mostly discussed forming a sense
of community with people they felt reflected their identity.
By providing experiences to underserved populations that lack a presence in engineering,
we can help develop determined attitudes for success in engineering. These experiences also
need to be provided prior to career-choice, and most often, high school engineering
classes/experiences were an important intervention as they allowed access to engineering before
a college major was chosen. The recruitment of these populations will also help to form
communities that push against the stereotypes of engineering and create a field that is more
welcoming to all.
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CONCLUSIONS AND FUTURE RECOMMENDATIONS
Summary of Studies
The research studies presented within these manuscripts built upon one another in order
to investigate how stereotype threat impacts women in engineering. The first study I conducted
was an exploratory study intended to gain insight into how women enter engineering and the
barriers that they face. Through this study (Manuscript 1), I identified stereotypes as a common
barrier for women in engineering. In order to better understand how stereotypes impact women
in STEM, I identified stereotype threat as a barrier and utilized a previously validated instrument
to investigate which populations are most impacted by stereotype threat, which was broken down
into six different constructs (Manuscript 2). From this point, I developed a focus group protocol
that asked participants to detail their experiences in engineering and help to explain why women
experienced significantly more stereotype threat in terms of gender and ethnic stigma
consciousness and negative affect. The focus groups also helped detail common mitigation
techniques that women use to deter the impacts of stereotype threat on their identities and
provide potential solutions for the future (Manuscript 3). A summary of research questions from
each manuscript and the conclusions drawn are summarized in Table 12.
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Table 12

Research questions and conclusions

Manuscript
Manuscript 1
Negotiating
Masculine
Spaces

Research Questions
How do undergraduate
women experience and
navigate engineering, a
gendered institution, in
the rural south in terms
of identity formation
and negotiation? What
is a common barrier to
women in engineering

Findings






Manuscript II
Measuring the
Impact of
Stereotype
Threat on
Undergraduate
Engineering
Students
Manuscript III
Understanding
Stereotype
Threat

Is the Social Attitudes
and Identities Scale
psychometrically sound
when modified for
engineering students?
How is stereotype threat
still present in the
College of Engineering?

How are women
exposed to negative
stigmas in engineering
regarding their gender?








Why were women
significantly more
impacted by ethnic
stigmas?




Why are women
significantly more
impacted by negative
feelings during testing?
What are some ways
women mitigate
stereotype threat?
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Women form their engineering identities through
previous experiences, mentors, and having
natural talents/interests. All of the women in this
study had some form of mentor help guide them
into engineering
Women feel the need to negotiate their identities
into engineering through either justifying why
they chose a more “masculine” field over a more
feminine field or through stating how their major
can be used in more feminine applications.
A common barrier to women in engineering
appeared in the form of stereotypes and
stereotype threat
Yes, the SIAS instrument can be effectively
modified to measure stereotype threat in
engineering students.
Women experience significantly more stereotype
threat than men in 4 of the 6 constructs in the
instrument: gender identity, gender stigma
consciousness, ethnic stigma consciousness, and
negative affect
There were no significant differences among the
different races nor in the intersection of race and
gender
Women are exposed to negative stigmas mainly
through their peers/group projects and through
solo-status/being aware that they are in the
minority which triggers stereotype threat.
The interconnected nature of racial and gender
identities for women of color, increased solostatus and stigma exposure
Women have an increased fear of failure due to a
need to prove that they belong in engineering and
combat threats to their identity in engineering
Women stated that they have more determination
than their peers and the majority stated that they
undertake leadership roles in order to prove that
they belong. They also seek to form communities
by joining groups and finding other women or
minority women with which to identify.

Research Model
Through my research, I was able to discover that in spite of the college of engineering
making steps forward in diversity and inclusivity, stereotype threat is still very much present in
the student population. In summary of the results of these studies together, I have formed a
model of how stereotypes impact women in engineering in Figure 8.
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Figure 8

Summarization of women’s experiences from stereotype threat in engineering
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The model begins with the Identity Formation. As stated by the operative definition of
stereotype threat, individuals must first have developed an identity that can be impacted by
negative stereotypes. The results in Manuscript 1 showed that this formation typically happened
through mentors, previous experiences, and natural talents/interests, and these conclusions were
further cemented in Manuscript 3 where participants also often cited these as their reasons to
entering engineering and their initial formation of an identity. After identity formation, the
person must be exposed to negative stereotypes that relate to their identity in order to undergo
stereotype threat. Manuscript 3 showed that these exposures typically happened through peers
and group projects. From this point, the groundwork for stereotype threat is laid as women now
both have an identity that stereotypes can threaten as well as exposure to these negative
stereotypes.
The results of Manuscript 2 showed that women had significantly higher gender
identities, gender stigma consciousness, ethnic stigma consciousness, and negative affect. Due to
their higher rate of stereotype threat, women then undergo identity negotiation techniques in
order to mitigate the impact of stereotype threat and maintain their original identities. These
identity negotiation techniques emerged within both Manuscript 1 and Manuscript 2. In order to
negotiate their gender identity into a masculine field like engineering, women either justify that
their major has more feminine applications (i.e. help people, society, etc.) or by justifying why
they did not enter more feminine fields (i.e. education, medicine, etc.). Women then try to
mitigate gender and ethnic stigmas by displaying increased determination in engineering. This
increased form of determination is often displayed as taking leadership roles and asserting their
abilities in engineering. However, their increased determination acts as a double-edged sword as
it also increases their fear of failure and negative affect. This is because they rely on their ability
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to succeed as proof of their belonging in engineering. Failures, therefore, act as direct threats to
their own identities in engineering. Another threat to women’s identities emerged in the form of
solo-status, which was significantly more impactful for women of color. Solo-status, which is the
feelings created by being the only member of a group (race, gender, etc) present in a situation
and has been directly tied to increased rates of stereotype threat. However, solo-status as it was
discussed in Manuscript 3, made it difficult for women, especially minority women, to relate to
their peers. This inability to relate with other students impeded their ability to communicate and
operate within groups which increased their stigmatized experiences.
Through my model, it becomes clear how stereotype threat can have a direct impact on
women’s motivations and engineering identities. When women have negative experiences with
their peers, they often believe that the negativity is attached to their gender and/or ethnicity. Due
to the interconnected nature of identities, the women of color were often unable to discern if their
stigma experiences were attached to either their gender or their ethnicity and would often cite
both as a reason for stigmatization. Also, because women of color belong to two different
stigmatized groups, they often found it more difficult to find a community that could relate to
them and their experiences as both a woman and a person of color, which increased their
likelihood of experiencing stereotype threat.
The conclusions of my research result in this novel model on how women experience
stereotype threat in undergraduate engineering programs. While models of stereotype threat
exist, they exist to present how stereotype threat impacts performance rather than how it can
impede long-term motivations through fields such as engineering. My model also is novel in how
it demonstrates the ways in which women mitigate the impacts of stereotype threat, and ties these
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mitigation tactics back to the specific ways stereotype threat is presented to women and women
of color.
Recommendations for Interventions
Based on the findings of these manuscripts, the most effective way to mitigate stereotype
threat is through reducing women’s exposure to negative stereotypes. One way to reduce their
exposure is through training engineering students how to work with diverse populations earlier in
their engineering programs as the majority of the stigmatized experiences came from peers and
group projects. As one of the participants in Manuscript 3 pointed out, many of the students in
engineering may not have had the opportunity to work with diverse populations prior to their
entry into engineering. Many of the stigmatizing experiences discussed by the participants
seemed to come from a place of ignorance and an unknowing support of negative stereotypes
rather than intentional actions. Unintentional or not, the experiences listed by the participants
only increased their susceptibility to stereotype threat and lowered their feelings of belonging.
By training students how to operate with diverse populations, engineering educators could not
only help increase the efficacy of group work, but increase the ability of students to form
communities within engineering.
As for recruitment of women and minorities into engineering, continuing to provide
engineering experiences to populations that may not otherwise have them is paramount. Previous
experiences were shown repeatedly in this study to help develop and cement and engineering
identity for at-risk populations. This identity then allows them to combat stereotype threat and
the fears of failure it provides. Future recruiters should also work to expand the definition of an
engineer to show how they seek to benefit people. Repeatedly, the women in these studies stated
how they chose engineering in attempts to help people, so by expanding the definition of an
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engineer beyond the pre-conceived notion of a mechanic or programmer and into how those
positions can be utilized to benefit society, we can shatter the stereotypes of engineering that bar
diverse populations from entering.
Future Work Recommendations
Based on the research presented here, my recommendations for future studies are twofold.
First, researchers should continue to measure the impact of stereotype threat in
engineering as the population of engineering students continue to change. As the student
population in the college of engineering changes, it is possible that the levels of stigmatization
will be reduced. The minority students, such as women and racial minorities, will have a larger
community in which to belong, and by seeing representatives of themselves have success in
engineering, threats to their identity may have less impact. The data has already demonstrated
that the population of students in the college of engineering is drastically changing and how that
impacts the prominence of stereotypes should be monitored for further studies.
Second, some form of training on how to operate with diverse populations should be
implemented in first-year engineering courses and the attitudes of the students should be
monitored to test its efficacy. Future researchers should also conduct an experimental study that
evaluates how to best educate students on working with diverse populations. The purpose of the
study should be to measure if educating students on how to work with diverse populations can
decrease negative stereotypes and stigmatizing experiences in engineering. The study, in my
opinion, should begin by measuring stereotype threat in the undergraduate population then allow
some of the population to have access to the training and then measure stereotype threat again
and compare the populations. The populations should also be asked about the frequency of their
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encounters with stigmatizing experiences in order to see how inclusivity training can benefit
engineering students.
Closing Remarks
At the beginning of this dissertation, I mentioned the ways in which women experience
lowered motivation in engineering (i.e. satisfaction, self-efficacy, belonging, etc.) Through my
application of stereotype threat, I give insight into why these experiences exist, and I illustrate
some of the barriers present to women. By utilizing a mixed-methods research study, I was able
to first identify stereotype threat as a common barrier to women in engineering then explore to
what degree stereotype threat impacts women and the ways in which stereotype threat becomes
salient. The findings of these studies can be summarized as:
1) Negative stereotypes regarding women and minorities persist within engineering
2) These stereotypes impact the long term motivations of women in engineering and
directly impact their identities
3) Women in engineering have developed mitigation techniques to combat stereotype
threat.
The final model presented in this dissertation shows how these findings operate together
to form an image of how stereotype threat forces women to negotiate their identities and how
those negotiations occur. These findings are novel because they help explain how the continued
existence of negative stereotypes not only can impact women’s performance in engineering but
also provide insight into how it impacts their long term motivations; this is my contribution to
theoretical knowledge on stereotype threat and its presence in undergraduate engineering.
Based on the findings of these studies, I have created recommendations for future
interventions to increase inclusivity as well as recommendations for future studies to measure
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how attitudes change over time as the population of engineering students becomes more diverse.
These practical applications allow future researchers to better understand how to effectively
promote diversity and inclusivity within engineering. Overarching, my research can be utilized to
create more effective interventions to increase inclusivity and diversity for undergraduate
engineering students.
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Interview Protocol for Masculine Spaces
Interview Protocol
Consent: First, I would like to thank you for volunteering to participate in this research.
This interview will last approximately 10-15 minutes and will be recorded.
If at any time you wish to stop the interview, you may say so and the interview will stop
and the recording of the interview will be deleted.
If any question makes you uncomfortable, you may decline to answer. Do you have any
questions? Do you consent to this interview?

Question 1: {Opening} What is your engineering major and year in school?

Question 2: {Opening} Many people who go into engineering have experiences with
engineers or hear of engineering prior to their major choice.
[Include when interviewer first heard of engineering] When was the first time you heard
of engineering?

Question 3: {Transition} [Begin with why interviewer chose engineering] Why do you
think you chose engineering?

Question 4: {Transition} Why do you think your chose your engineering field in
particular?
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Question 5: {Key question} Girls in elementary school show just as much interest in
science and engineering fields as boys, but engineering only has very
few females. Why do you think these girls lose interest in engineering?

Question 6: {Key question} What do you think is the hardest part of being a female
engineer?

Question 7: {Key question} Even with these issues, you are still in engineering, so what
parts of being an engineer do you enjoy?

Question 8: {Closing Question} Is there anything else that you want to tell me about what
it’s like being a female engineer or anything you feel like I didn’t ask?
Social Identities and Attitudes Scale
The questions that were deleted after CFA are highlighted by a ***. All questions were
asked on a 7 point likert scale from Strongly Disagree to Strongly Agree. The bolded words
show where the language was modified from Math to Engineering.
1. My gender influences how I feel about myself
2. Engineering is important to me
3. My gender contributes to my self-confidence
4. My gender influences how teachers interpret my behavior
5. I value my ethnic background
6. Most people judge me on the basis of my ethnicity
7. My gender is central in defining who I am
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8. Being good at engineering will be useful to me in my future career
9. Most people judge me on the basis of my gender
10. My identity is strongly tied to my gender ***
11. I feel a strong attachment to my ethnicity
12. My gender affects how people treat me Gender
13. My ethnicity is an important reflection of who I am
14. I am connected to my ethnic heritage
15. My gender affects how people act towards me Gender
16. My engineering abilities are important to my academic success
17. My ethnicity affects how my peers interact with me
18. Doing well in engineering matters to me Engineering ID 4
19. Members of the opposite sex interpret my behavior based on my gender
20. My ethnicity influences how teachers interact with me
21. I value engineering
22. My ethnicity affects how I interact with people of other ethnicities
23. Doing well in engineering is critical to my future success
24. People from other ethnic groups interpret my behaviors based on my ethnicity
When doing difficult engineering problems on a test I….
25. Experience doubt about my engineering abilities
26. Feel like I’m letting myself down
27. Start to lose confidence in my abilities ***
28. Feel like a failure
29. Feel hopeless
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30. Feel like giving up

Focus Group Protocol
Welcome! My name is Danielle, and the purpose of this focus group is to look more in depth into
the survey you all took in the fall. The survey focused on stereotypes and how they impact
people. At any point during this, feel free to cut me off or ask questions of your own as well as
engage with each other and build off of each other’s responses. The first set of questions are
more going to focus on why you chose to go into engineering and then we will slowly go more
into how stereotypes impact you. The entirety of this focus group should last around an hour and
will be audio recorded. If you do not consent to being recorded, you may leave at this time but if
you consent to being recorded, please stay. All of the audio will be kept anonymous and your
names will never be published with this data.


Why did you pick engineering? What made you initially interested?



When did you first start wanting to be an engineer?



Are you an engineer? Why or why not? Do you believe saying that you’re an engineer is
important? How so?



Have you ever doubted becoming an engineer? Why or why not?



What are stereotypes about engineering that you heard before you enrolled?



Have you ever been exposed to negative stereotypes in engineering that applied to you?
What were they? How did they impact you? How did you work your way around them?
When were you first exposed to these stereotypes? Do you find that these stereotypes are
specific to engineering or do they happen in other areas as well?
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Do you find stereotypes easier or harder to deal with as you go through college? How so?

Our study found that women overall had a higher rate of gender stigma, meaning that they
believed being a woman negatively impacts their interactions with other people in
engineering.


Do you personally find this to be true? How/How so?



What are some existing stereotypes you’ve encountered about women in engineering?



What are some examples that you’ve seen of women being treated differently in
engineering?



Are there things about yourself that you think you’ve had to change in order to “fit
in” to engineering? Or things that you’ve seen other women do in order to blend in
more? (This question is trying to dive into feminine/masculine traits, follow up
questions may ask about if they feel the need to dress or act differently)



Do you notice when you’re in a classroom of mostly men? How does that make you
feel?



What about group projects, do you feel like you have to do things differently just
because you are a woman?



What advice would you give to a woman looking to enroll in engineering?



What are some changes you’d like to see in engineering that would make it feel more
welcoming to you as a woman?



Do you find that stereotypes about women in engineering change as you go through
the program? If any of you have had work experience, were those experiences
different than classroom experiences?
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Have you found that your gender impacts how other students interact with you? What
about professors?



Are there any positives to being a woman in engineering?

Our survey also indicated that women tend to feel more negative emotions, like higher stress, a
stronger fear of failure, and a desire to give up, when taking difficult engineering tests than men
do.


Have you noticed a difference in how you and the guys in your class respond to hard
tests? What are some of the differences? Why do you think these differences exist?



When you’re faced with an engineering problem that you struggle with, how does that
make you feel? Does it impact your confidence long term or make you question your
position in engineering?



Now, basically everyone in engineering is going to fail something at some point or
another. Have you noticed a difference in how men and women react to these failures?

Women, in our survey, also indicated that they experience stigmatism related to their ethnicity
more often than men.


Have you had experiences where you felt that your ethnicity negatively impacted how
others in engineering treated you? Can you give me some examples?



Have you encountered any stereotypes about your ethnicity in engineering? What were
they? How did they impact you?



Do you feel that sometimes your ethnicity also has positive impacts or causes a more
positive interaction?
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Have you ever been in a group and been the only minority student in the group? Does
that impact how you feel in the group? How so?



Do you sometimes feel treated differently by your peers because of your ethnicity? What
about professors? Professionals?



Are there things about yourself that you think you’ve had to change in order to “fit in” to
engineering? Or things that you’ve seen other minorities do in order to blend in more?



What are some changes you’d like to see in engineering that would make it feel more
welcoming to you?
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